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R E S E A R C H  R E P O R T I N G  S E R I E S

Research reports of the Office of Research and Development, US Environmental
Protection Agency, have been grouped into nine series. These nine broad cate-
gories were established to facilitate further development and application of en-
vironmental technology. Elimination of traditional grouping was consciously
planned to foster technology transfer and a maximum interface in related fields.
The nine series are:

1. Environmental Health Effects Research
2. Environmental Protection Technology
3. Ecological Research
4. Environmental Monitoring
5. Socioeconomic Environmental Studies
6. Scientific and Technical Assessment Reports (STAR)
7. Interagency Energy-Environment Research and Development
8. “Special” Reports
9 Miscellaneous Reports

This report has been assigned to the ENVIRONMENTAL PROTECTION TECH-
NOLOGY series, This series describes research performed to develop and dem-
onstrate instrumentation, equipment, and methodology to repair or prevent en-
vironmental degradation from point and non-point sources of pollution. This work
provides the new or improved technology required for the control and treatment
of pollution sources to meet environmental quality standards.

This document IS available to the public through the National Technical Informa-
tion Service, Springfield. Virginia 22161.
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FOREWORD

T h e  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  w a s  e s t a b l i s h e d  t o  c o o r d i n a t e
a d m i n i s t r a t i o n  o f  t h e  m a j o r  F e d e r a l  p r o g r a m s  d e s i g n e d  t o  p r o t e c t  t h e
q u a l i t y  o f  o u r  e n v i r o n m e n t .

A n  i m p o r t a n t  p a r t  o f  t h e  A g e n c y ’ s  e f f o r t  i n v o l v e s  t h e  s e a r c h  f o r
i n f o r m a t i o n  a b o u t  e n v i r o n m e n t a l  p r o b l e m s ,management  techn iques  and  new
t e c h n o l o g i e s  t h r o u g h  w h i c h  o p t i m u m  u s e  o f  t h e  n a t i o n ’ s  l a n d  a n d  w a t e r
r e s o u r c e s  c a n  b e  a s s u r e d  a n d  t h e  t h r e a t  p o l l u t i o n  p o s e s  t o  t h e  w e l f a r e
o f  t h e  A m e r i c a n  p e o p l e  c a n  b e  m i n i m i z e d .

E P A ’ s  O f f i c e  o f  R e s e a r c h  a n d  D e v e l o p m e n t  c o n d u c t s  t h i s  s e a r c h  t h r o u g h
a  n a t i o n w i d e  n e t w o r k  o f  r e s e a r c h  f a c i l i t i e s .

A s  o n e  o f  t h e s e  f a c i l i t i e s ,  t h e  R o b e r t  S .  K e r r  E n v i r o n m e n t a l  R e s e a r c h
Labora to ry  i s  respons ib le  fo r  the  management  o f  p rograms to : a )  i n v e s t i g a t e
t h e  n a t u r e ,  t r a n s p o r t , fa te ,  and  management  o f  po l lu tan ts  in  g round  wa te r ;
b )  deve lop  and  demonst ra te  methods  fo r  t rea t ing  was tewaters  w i th  so i l  and
o t h e r  n a t u r a l  s y s t e m s ; c )  d e v e l o p  a n d  d e m o n s t r a t e  p o l l u t i o n  c o n t r o l  t e c h -
n o l o g i e s  f o r  i r r i g a t i o n  r e t u r n  f l o w s ; d )  deve lop  and  demons t ra te  po l lu t ion
c o n t r o l  t e c h n o l o g i e s  f o r  a n i m a l  p r o d u c t i o n  w a s t e s ;  e )  d e v e l o p  a n d  d e m o n s t r a t e
t e c h n o l o g i e s  t o  p r e v e n t ,  c o n t r o l , o r  a b a t e  p o l l u t i o n  f r o m  t h e  p e t r o l e u m
r e f i n i n g  a n d  p e t r o c h e m i c a l  i n d u s t r i e s ; and  f )  deve lop  and  demons t ra te  tech-
n o l o g i e s  t o  m a n a g e  p o l l u t i o n  r e s u l t i n g  f r o m  c o m b i n a t i o n s  o f  i n d u s t r i a l
w a s t e w a t e r s  o r  i n d u s t r i a l / m u n i c i p a l  w a s t e w a t e r s .

T h i s  r e p o r t  c o n t r i b u t e s  t o  t h e  k n o w l e d g e  e s s e n t i a l  i f  t h e  E P A  i s  t o
m e e t  t h e  r e q u i r e m e n t s  o f  e n v i r o n m e n t a l  l a w s  t h a t  i t  e s t a b l i s h  a n d  e n f o r c e
p o l l u t i o n  c o n t r o l  s t a n d a r d s  w h i c h  a r e  r e a s o n a b l e ,  c o s t  e f f e c t i v e  a n d  p r o -
v ide  adequate  p ro tec t ion  fo r  the  Amer ican  peop le .

Wi l l i am C .  Ga legar
D i r e c t o r
Rober t  S .  Ker r  Env i ronmenta l

Research Laboratory
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PREFACE

T h i s  r e p o r t  c o n c e n t r a t e s  o n  t h e  p r e s e n t a t i o n  o f  a  p r o c e s s  f o r  i m p l e m e n t -
i n g  t e c h n i c a l  a n d  i n s t i t u t i o n a l  s o l u t i o n s  t o  t h e  p r o b l e m  o f  r e t u r n  f l o w
p o l l u t i o n . Th is  p rocess , u n d e r  t h e  g e n e r a l  t i t l e  o f  “ S o c i o - E c o n o m i c  a n d
I n s t i t u t i o n a l  F a c t o r s  i n  I r r i g a t i o n  R e t u r n  F l o w  Q u a l i t y  C o n t r o l , ”  w a s
cen te red  a round  a  methodo log ica l  and  p ragmat i c  de f in i t i on  o f  the  p rob lem
a n d  i d e n t i f i c a t i o n  a n d  a s s e s s m e n t  o f  a  w i d e  r a n g e  o f  p o t e n t i a l  s o l u t i o n s  f o r

s i t u a t i o n s . Four  separa te  bu t  i n te r re la ted  vo lumes  summar ize  thed i ve r se
s tudy :

l

vo lume I - - Methodology (Main Report)
vo lume I I - -  Yak ima Va l ley  Case Study
vo  ume I I I - -  M idd le  R io  Grande Va l ley  Case Study
vo lume IV - -  Grand Va l ley  Case Study .l

Vo lume I  ( the  ma in  repor t )  summar izes  the  overa l l  research  approach  o f
t h e  s t u d y ; t h e  m e t h o d o l o g i c a l  p r e m i s e s ;  t h e  n a t u r e  o f  t h e  p r o b l e m ;  t h e  p r o -
c e s s  f o r  i d e n t i f y i n g  a n d  a s s e s s i n g  a p p r o p r i a t e  s o l u t i o n s ;  a n d ,  s o m e  g e n e r a l
remarks  and  conc lus ions  concern ing  the  p rocess  o f  imp lementa t ion . Volumes
I I  t o  I V  a l l o w  f o r  a n  i n - d e p t h  p r e s e n t a t i o n  o f  t h e  a p p r o a c h  u t i l i z e d  a s  w e l l
a s  s p e c i f i c  f i n d i n g s  a n d  r e c o m m e n d a t i o n s  r e l a t i n g  t o  t h e  p r o b l e m s  o f  e a c h
case.

T h e  i n t e r d i s c i p l i n a r y  t e a m  h a s  a l s o  p r e p a r e d  a  s e p a r a t e  “ e x e c u t i v e
summary’’ w h i c h  i s  q u i t e  a  s h o r t e n e d  v e r s i o n and  w i th  the  he lp  o f  accom-
p a n y i n g  i l l u s t r a t i o n s a t t e m p t s  t o  p r o v i d e  i n  a  s u c c i n c t  f o r m  t h e  m a j o r
f i n d i n g s  o f  t h e  s t u d y  a s  w e l l  a s  t h e  p r o p o s i t i o n  i n v o l v e d  i n  t h e  i d e n t i -
f i c a t i o n , a s s e s s m e n t  a n d  e v a l u a t i o n  o f  p o t e n t i a l  s o l u t i o n s  c o n c e r n i n g
i r r i g a t i o n  r e t u r n  f l o w .
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ABSTRACT

T h e  p u r p o s e  o f  t h i s  s t u d y  h a s  b e e n  t o  d e v e l o p  a n  e f f e c t i v e  p r o c e s s  f o r
i m p l e m e n t i n g  t e c h n i c a l  a n d  i n s t i t u t i o n a l  s o l u t i o n s  t o  t h e  p r o b l e m  o f  r e t u r n
f l o w  p o l l u t i o n . The process developed: a )  d e f i n e s  t h e  p r o b l e m  i n  t e r m s  o f
i t s  l e g a l ,  p h y s i c a l ,  e c o n o m i c ,  a n d  s o c i a l  p a r a m e t e r s ;  b )  i d e n t i f i e s  p o t e n t i a l
s o l u t i o n s  i n  r e l a t i o n  t o  t h e  p a r a m e t e r s  o f  t h e  p r o b l e m ;  c )  a s s e s s e s  p o t e n t i a l
s o l u t i o n s  f o r  d i v e r s e  s i t u a t i o n s ; d )  s p e c i f i e s  t h o s e  s o l u t i o n s  o r  g r o u p s  o f
s o l u t i o n s  w h i c h  a r e  t h e  m o s t  e f f e c t i v e  i n  r e d u c i n g  p o l l u t i o n  a n d  a r e
implementable.

T h i s  p r o c e s s  i s  c o n c e p t u a l i z e d  i n  V o l u m e  I  o f  t h e  s t u d y .  T h e  g e n e r a l
r e s u l t s  o f  i t s  a p p l i c a t i o n  a r e  f u r t h e r  p r e s e n t e d  i n  t h r e e  s e p a r a t e  v o l u m e s
c o n c e r n i n g  t h e  s p e c i f i c  c a s e  s t u d i e s  o f  Y a k i m a  V a l l e y  ( W a s h i n g t o n ) ,  M i d d l e
Rio Grande Val ley (New Mexico and Texas),  and Grand Val ley (Colorado).

Th is  repor t  was  submi t ted  in  fu l f i l lmen t  o f  Gran t  Number  R-803572
by Co lorado Sta te  Un ivers i ty  under  the  sponsorsh ip  o f  the  U.S.  Env i ronmenta l
Pro tec t ion  Agency . Th is  repor t  covers  the  per iod  be tween February  14 ,  1975
to November 14, 1977, and work was completed as of  May 4,  1978.
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SECTION 1

INTRODUCTION

T h e  c o n c e r n  w i t h  t h e  q u a l i t y  o f  o u r  n a t i o n ’ s  w a t e r s  i s  n o t  n e w . The
“ H a r b o r  P o l l u t i o n  L e g i s l a t i o n  o f  1 8 8 8 ”  a n d  t h e  “ R i v e r s  a n d  H a r b o r s  A c t  o f
1 8 9 9 ”  a r e  s t r o n g  e v i d e n c e  o f  a  l o n g - s t a n d i n g  c o n c e r n  f o r  w a t e r  q u a l i t y . From
t h a t  t i m e  u n t i l  t h e  p r e s e n t , q u i t e  a  n u m b e r  o f  l e g i s l a t i v e  e n a c t m e n t s  h a v e
r e a f f i r m e d  a  n a t i o n a l  c o m m i t m e n t  t o  t h e  c o n t r o l  o f  w a t e r  p o l l u t i o n  a n d  t h e
enhancement  o f  the  wate r  resources  o f  the  na t ion . Included among them are:

-  T h e  O i l  P o l l u t i o n  A c t  o f  1 9 2 4 ;
-  The  Wate r  Po l lu t i on  Con t ro l  Ac t  o f  1948  w i th  amendments  o f  1956 ;
-  T h e  F e d e r a l  W a t e r  P o l l u t i o n  C o n t r o l  A c t  o f  1 9 6 1 ;
-  The  Water  Qua l i t y  Ac t  o f  1965 ;
-  The  C lean  Wate rs  Res to ra t ion  Ac t  o f  1966 .

T h e  m a j o r  e m p h a s i s  o f  p a s t  l e g i s l a t i o n  h a s  b e e n  t h e  c o n t r o l  o f  p o i n t
s o u r c e s  o f  d i s c h a r g e  f r o m  m u n i c i p a l i t i e s  a n d  i n d u s t r i e s ,  w h i c h  w e r e  h i g h l y
v i s i b l e  a n d  m u c h  m o r e  e a s i l y  c o n t r o l l e d . I t  i s  o n l y  r e c e n t l y ,  w i t h  t h e
Federa l  Wate r  Po l lu t i on  Con t ro l  Ac t  Amendments  o f  1972 ,  tha t  po l lu t i on  p rob-
l e m s  a s s o c i a t e d  w i t h  a g r i c u l t u r a l  w a t e r  u s e  a r e  f i n a l l y  a d d r e s s e d  a s  p a r t  o f
t h e  n a t i o n a l  l e g i s l a t i o n . T h i s  A c t  p r o v i d e s  t h e  t r a n s f o r m a t i o n  o f  a  c o n c e r n
f r o m  p o i n t  s o u r c e s  t o  n o n p o i n t  p o l l u t i o n  s o u r c e s ,  a n d  t h e  m o s t  d i f f i c u l t
p r o b l e m  i n  a g r i c u l t u r a l  w a t e r  u s e ,  n a m e l y ,  i r r i g a t e d  a g r i c u l t u r e .

I t  i s  o b v i o u s  f r o m  t h e  a b o v e  t h a t  w a t e r  q u a l i t y  c o n t r o l  h a s  b e c o m e  a
b r o a d  n a t i o n a l  o b j e c t i v e  s i n c e  t h e  e n a c t m e n t  o f  P . L .  8 4 - 6 0 0 ,  t h e  W a t e r  Q u a l -
i t y  A c t  o f  1 9 5 6 .  A s  e m p h a s i z e d , f r o m  1 9 5 6  u n t i l  t h e  l a t e  1 9 6 0 ’ s  t h e  c o n c e r n
h a s  b e e n  a l m o s t  e n t i r e l y  u p o n  c o n t r o l  o f  p o i n t  s o u r c e s  o f  d i s c h a r g e  f r o m
m u n i c i p a l i t i e s  a n d  i n d u s t r i e s . Obv ious l y , these  e lements  o f  po l
be  eas ie r  iden t i f i ed  and  var ious  lega l  and  economic  measures  cou
s i g n e d  t o  i n d u c e  o r  c o m p e l  e l i m i n a t i o n  o r  r e d u c t i o n  o f  h a r m f u l  d

C o n t r a s t e d  t o  t h i s  c o n c e r n , t h r e e  d i f f e r e n t  c o n d i t i o n s  h a v e
s l o w  r e s p o n s e  b y  s t a t e  a n d  l o c a l  o f f i c i a l s  w i t h  r e g a r d  t o  a g r i c u

u t i o n  c o u l d
d be de-
scharges.

produced a
t u r a l  p o l l u -

t i o n  c o n t r o l  p r o g r a m s . T h e  f i r s t  c o n d i t i o n  i s  t h e  r e l a t i v e  i n v i s i b i l i t y  o f
n o n p o i n t  p o l l u t i o n . The  second  has  to  do  w i th  the  more  o r  less  loca l i zed
n a t u r e  o f  t h e  a d v e r s e  e f f e c t s  f r o m  a g r i c u l t u r a l  p o l l u t i o n  a n d  t h e  d i f f i c u l t i e s
o f  d e t e r m i n i n g  i n j u r i e s  i n  t h e  a b s e n c e  o f  o b v i o u s  o u t f a l l s . F i n a l l y ,  i t  i s
on ly  recen t l y  tha t  a  concer ted  e f fo r t  by  the  Federa l  Government  has  been
under taken  in  o rder  to  tack le  in  some genera l  way  the  p rob lems o f  nonpo in t
p o l l u t i o n  a n d  i n  i n t e r p r e t i n g  t h e  p r o v i s i o n s  o f  a  v e r y  c o m p l e x  l a w .



O t h e r  t h a n  b l a t a n t  v i o l a t i o n s  ( s u c h  a s  d i r e c t  d i s c h a r g e  o f  a n i m a l  w a s t e
a n d  c h e m i c a l s  i n t o  s t r e a m s  a n d  r i v e r s ) , c o n t r o l  o f  p o l l u t i o n  f r o m  a g r i c u l t u r a l
a c t i v i t i e s  h a s  b e e n  n o t i c e a b l y  l a g g i n g . A g r i c u l t u r a l  u s e s  o f  w a t e r  a r e  c o n -
t r o l l e d  b y  s t a t e  a g e n c i e s  w h i c h , a t  l e a s t  i n  m o s t  w e s t e r n  s t a t e s ,  a r e  p r i m a r -
i l y  c o n c e r n e d  w i t h  w a t e r  a l  l o c a t i o n , d i s t r i b u t i o n  a n d  a d m i n i s t r a t i o n . Concern
f o r  b e n e f i c i a l  u s e  o f  w a t e r , d u t y  o f  w a t e r  u s e  a n d  w a s t a g e s  d o  n o t  a l s o
i n c l u d e  t h e  d e g r a d a t i o n  o f  r e t u r n  f l o w s  f r o m  o v e r a p p l i c a t i o n  o r  m i s u s e  o f
w a t e r .

A g r i c u l t u r a l  w a t e r  q u a l i t y  c o n t r o l  h a s  r e c e n t l y  b e c o m e  a  s u b s t a n t i v e
p a r t  o f  d i s c u s s i o n s  a m o n g  t h e  v a r i o u s  s t a t e s  i n  t h e  W e s t . Problems ranging
f r o m  s a l i n i t y  a n d  c h e m i c a l  d e g r a d a t i o n , sed imenta t ion  and  o ther  p rob lems
assoc ia ted  w i th  suspended mater ia l  have  been examined  p redominan t l y  f rom a
phys ica l  con t ro l  perspec t i ve  and  techno log ies  have  been deve loped wh ich  cou ld
a l l e v i a t e ,  g r e a t l y  d e c r e a s e ,  o r ,  t o  a  s u b s t a n t i a l  d e g r e e ,  e l i m i n a t e  s u c h
problems.

A l though  the  p rob lems assoc ia ted  w i th  i r r i ga t ion  a re  much  more  complex
a n d  h a v e  r e c e i v e d  m u c h  l e s s  a t t e n t i o n  a n d  r e g u l a t i o n ,  t h e i r  i m p o r t a n c e  b o t h
n o w  a n d  i n  t h e  f u t u r e  b e c o m e s  e v i d e n t  i f  o n e  i s  t o  e x a m i n e  b r i e f l y  t h e  r o l e
o f  i r r i g a t e d  a g r i c u l t u r e  i n  t h e  U n i t e d  S t a t e s . A p p r o x i m a t e l y  5 6  m i l l i o n
a c r e s  o f  f a r m  l a n d  a r e  c u r r e n t l y  u n d e r  i r r i g a t i o n  i n  t h e  U n i t e d  S t a t e s ,  w i t h
4 6 . 3  m i l l i o n  i r r i g a t e d  i n  1 9 6 7 ,  a b o u t  a  2 3  p e r c e n t  i n c r e a s e  i n  a  t e n - y e a r
p e r i o d  ( I r r i g a t i o n  J o u r n a l ,  1 9 7 6 ) . I r r i g a t e d  a g r i c u l t u r e  i s  v i t a l l y  i m p o r t -
a n t  t o  t h e  n a t i o n ’ s  a g r i c u l t u r a l  e n t e r p r i s e  a n d  t o  t h e  e c o n o m y  a s  a  w h o l e .
A l t h o u g h  o n l y  a b o u t  t e n  p e r c e n t  o f  t h e  t o t a l  c r o p p e d  l a n d  i n  t h e  U . S .  i s
irrigated, this land, l o c a t e d  p r i m a r i l y  i n  t h e  W e s t ,  p r o d u c e s  a p p r o x i m a t e l y
25  percen t  o f  the  va lue  o f  fa rm ou tpu t  (Na t iona l  Techn ica l  Adv iso ry  Commi t tee ,
1968). T h i s  r e s u l t s  f r o m  t h e  m o r e  i n t e n s i v e  f a r m i n g  p r a c t i c e s  a n d  h i g h e r
y i e l d s  t h a t  c a n  b e  a t t a i n e d  o n  i r r i g a t e d  l a n d s .  A s  t h e  f o o d  a n d  f i b e r  n e e d s
o f  a n  e x p a n d i n g  n a t i o n a l  a n d  w o r l d  p o p u l a t i o n  c o n t i n u e  t o  i n c r e a s e ,  i t  i s
e x p e c t e d  t h a t  c o n t i n u e d  i r r i g a t i o n  d e v e l o p m e n t s  w i l l  b e  a  c e n t r a l  p a r t  o f
t h e  n a t i o n a l  f o o d  p o l i c y  i n  t h e  U n i t e d  S t a t e s .

A l t h o u g h  t h e  u s e  o f  i r r i g a t i o n  h a s  e n a b l e d  t h i s  c o u n t r y  t o  p r o v i d e  f o o d
a n d  f i b e r  i n  q u a n t i t i e s  u n e q u a l e d  i n  h i s t o r y , s i g n i f i c a n t  w a t e r  q u a l i t y  p r o b -
lems have  accompan ied  these  expand ing  i r r iga t ion  deve lopments . These problems
a r e  o f  p a r t i c u l a r  c o n c e r n  b e c a u s e  i r r i g a t e d  a g r i c u l t u r e  i s  t h e  l a r g e s t  c o n -
s u m e r  o f  t h e  n a t i o n ’ s  w a t e r  r e s o u r c e s . I n  t h i s  r e g a r d , one  shou ld  no t  ignore
t h e  c h a l l e n g e s  o f  i r r i g a t e d  a g r i c u l t u r e  i n  a n  a r i d  e n v i r o n m e n t ,  p a r t i c u l a r l y
i n  y e a r s  o f  s e v e r e  d r o u g h t .

I n  t h e  c o n t e x t  o f  t h e s e  g e n e r a l  r e m a r k s  a s  t o  t h e  r o l e  o f  i r r i g a t e d
a g r i c u l t u r e  i n  t h e  W e s t , a n  e x a m i n a t i o n  o f  t h e  t o t a l  q u a n t i t y  a n d  d i v e r s i t y
o f  n o n p o i n t  s o u r c e  p o l l u t a n t s , e s p e c i a l l y  i n  t h e  r u r a l  a r e a s ,  i n d i c a t e  t h e
complex i t y  o f  the  p rob lem tha t  mus t  be  faced . I t  i s  o b v i o u s  t h a t  s i m p l y
a p p l y i n g  t e c h n o l o g i c a l  s o l u t i o n s  i s  n o t  g o i n g  t o  s o l v e  t h e  n a t i o n ’ s  w a t e r
q u a l i t y  p r o b l e m s . Indeed ,  more  and  more  i t  i s  recogn ized  tha t  many  o f  the
g a i n s  m a d e  i n  t h e  p o i n t  s o u r c e  a r e a  w i l l  n o t  r e s u l t  i n  c l e a n e r  w a t e r  b e c a u s e
o f  t h e  f a i l u r e  t o  a c t  i n  c o n t r o l l i n g  t h e  h i g h l y  s i g n i f i c a n t  n o n p o i n t  s o u r c e s
o f  p o l l u t i o n .
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I t  i s  here  tha t  the  Nat iona l  Commiss ion  on  Water  Qua l i t y  has  h igh l igh ted
the  h is to r i ca l  asynchrony  tha t  has  deve loped be tween imp lementa t ion  o f  sec-
t i o n s  o f  t h e  A c t  d e a l i n g  w i t h  p o i n t  s o u r c e s  a l o n e - - S e c t i o n  2 0 1 - - a n d  p o i n t  a n d
n o n p o i n t  s o u r c e s  t o g e t h e r - - S e c t i o n  2 0 8 . I n  a d d i t i o n ,  p r o p o s e d  s o l u t i o n s  t o
p r o b l e m s  o f  n o n p o i n t  p o l l u t i o n  h a v e  b e e n  m e t  w i t h  s u b s t a n t i a l  r e s i s t a n c e ,
d e s p i t e  e c o n o m i c  a n d  s o c i a l  a n a l y s i s  d e m o n s t r a t i n g  t h e  l o n g - r a n g e  b e n e f i t s - -
l o c a l , r e g i o n a l  a n d  n a t i o n a l - - t h a t  w o u l d  r e s u l t  f r o m  t h e  m i t i g a t i o n  o r  e l i m -
i n a t i o n  o f  w a t e r  q u a l i t y  d e g r a d a t i o n . The  p rob lem here  i s  two- fo ld . On the
o n e  h a n d  t h e r e  a r e  t h e  p h y s i c a l  d i f f i c u l t i e s  e n c o u n t e r e d  i n  d e a l i n g  w i t h  e v a -
s i v e  i r r i g a t i o n  r e t u r n  f l o w s  w h e r e v e r  t h e y  e x i s t . E q u a l l y  i m p o r t a n t  i s  a
problem of  immense complexi ty, name ly  the  con f l i c t i ng  and  compet ing  goa ls ,
o b j e c t i v e s  a n d  p r i o r i t i e s  o f  w a t e r  r e s o u r c e s  m a n a g e m e n t  a n d  o v e r a l l  n a t i o n a l
w a t e r  r e s o u r c e  p o l i c y . T h e r e  a r e  a l s o  a  n u m b e r  o f  f a c t o r s  t h a t  i n f l u e n c e
s i g n i f i c a n t l y  t h e  s t r a t e g i e s  f o r  r e s o l v i n g  t h i s  p r o b l e m ,  s u c h  a s  t h e  l e v e l  o f
environmental quality desired; t h e  c o s t  o f  a c h i e v i n g  t h a t  q u a l i t y ;  t h e  e q u i -
t a b l e  d i s t r i b u t i o n o f  c o s t s ; the  p resumed bene f i t s  to  be  der i ved  f rom enhanc ing
e n v i r o n m e n t a l  q u a l i t y ;  a n d ,  f i n a l l y , t h e  m e a n s  f o r  a c h i e v i n g  t h a t  q u a l i t y ,
i n c l u d i n g  t h e  h o s t  o f  e c o n o m i c ,  l e g a l ,  p o l i t i c a l ,  t e c h n i c a l ,  a s  w e l l  a s
s o c i a l  c o n s t r a i n t s .

I n  s p i t e  o f  t h e  a v a i l a b i l i t y  o f  t e c h n o l o g i c a l  s o l u t i o n s  t o  m a n y  o f  t h e
i r r i g a t i o n  r e t u r n  f l o w  p r o b l e m s , t h e r e  h a s  b e e n  s u b s t a n t i a l  r e s i s t a n c e  t o
c h a n g e  a n d  c e r t a i n l y  a  n o t i c e a b l e  l a g  i n  i m p l e m e n t a t i o n . O n e  o f  t h e  r e a l i s t i c
p r o b l e m s  f a c i n g  d e c i s i o n - m a k e r s  a t  a l l  l e v e l s  ( f e d e r a l ,  s t a t e  a n d  w a t e r  u s e r s )
i s  t h e  i d e n t i f i c a t i o n  a n d  e v a l u a t i o n  o f  i n s t i t u t i o n a l  a l t e r n a t i v e s  t h a t  c a n
b e  u t i l i z e d  t o  u n i t e  i m p r o v e d  t e c h n o l o g i e s  w i t h  s p e c i f i c  a g r i c u l t u r a l  p r a c -
t i c e s . S o m e  i n s t i t u t i o n a l  p r a c t i c e s  m a y  r e s u l t  i n  l e s s e n i n g  t h e  q u a l i t y
d e g r a d a t i o n  f r o m  a g r i c u l t u r a l  u s e s  o f  w a t e r  a n d  h e l p  a c h i e v e  e s t a b l i s h e d  g o a l s
and standards in water resources management. In many circumstances, however,
i m p r o v e d  t e c h n o l o g i e s  a r e  n e c e s s a r y  f o r  t h e  r e d u c t i o n  o f  w a t e r  p o l l u t i o n ,  a n d
n e w  o r  c h a n g e d  i n s t i t u t i o n s  a r e  t h e n  r e q u i r e d  f o r  t h e i r  i m p l e m e n t a t i o n .

The  emphas is  o f  the  p resen t  approach  and  the  bas ic  a rgument  o f  the  s tudy
i s  t o  u t i l i z e  a s  a  b a c k d r o p  e x i s t i n g  t e c h n o l o g i e s  a n d  i n s t i t u t i o n s  w h i c h  s e p -
a r a t e l y  o r  i n  c o m b i n a t i o n  a r e  u s e f u l  t o  t h e  r e d u c t i o n  o r  e l i m i n a t i o n  o f  p o l l u -
t a n t s  f r o m  i r r i g a t i o n  r e t u r n  f l o w s . T h r o u g h o u t  t h e  d i s c u s s i o n  t h a t  f o l l o w s ,
“ i n s t i t u t i o n s ” are  de f ined  as  those  soc ia l  mechan isms by  wh ich  soc ie ty  o rgan-
i z e s , m a n a g e s  a n d  d i r e c t s  i t s  a f f a i r s . “ I n s t i t u t i o n a l  a l t e r n a t i v e s ”  a r e  t h e
w h o l e  r a n g e  o f  l e g a l ,  e c o n o m i c ,  p o l i t i c a l , a n d  c u l t u r a l  i n s t i t u t i o n s  ( o r ,
c r y s t a l l i z e d  w a y s  o f  d o i n g  t h i n g s )  w h i c h  a r e  u s e d  f o r  m e e t i n g  s o c i a l  n e e d s .
T h e  p u r p o s e  o f  t h e  a n a l y s i s  t h a t  f o l l o w s  i s  t o  v i e w  t h e  r a n g e  o f  t e c h n i c a l
a n d  i n s t i t u t i o n a l  a l t e r n a t i v e s  t h a t  m i g h t  b e  e m p l o y e d  i n  i m p r o v i n g  q u a l i t y  o f
r e t u r n  f l o w s ,  a n d  t o  “ t e s t ” them in  a  number  o f  i r r i ga ted  a reas  where  the re
a r e  w a t e r  q u a l i t y  p r o b l e m s . T h e  c e n t r a l  c o n c e r n  o f  t h e  s t u d y  h a s  t o  d o  w i t h
t h e  p r e s e n t a t i o n  o f  s p e c i f i c  s t e p s  i n v o l v e d  i n  t h e  p r o c e s s  o f  b u i l d i n g  a  b a s i s
f o r  i m p l e m e n t a t i o n  o f  s o l u t i o n s  t o  r e t u r n  f l o w  p r o b l e m s - - t h o s e  s o l u t i o n s
b e i n g  c o m b i n a t i o n s  o f  t e c h n o l o g i c a l  a n d  i n s t i t u t i o n a l  a l t e r n a t i v e s .

I t  i s  n o t  o u r  p u r p o s e  t o  g o  t h r o u g h  t h e  e n t i r e  r a n g e  o f  p r o b l e m s  o f  n o n -
p o i n t  p o l l u t i o n  a n d  r e c o m m e n d  s o l u t i o n s  t o  a l l  p r o b l e m s . There  does ex is t
c o n s i d e r a b l e  l i t e r a t u r e  o n  t h e  e f f e c t s  o f  s p e c i f i c  p o l l u t a n t s  o f  a g r i c u l t u r a l
o r i g i n  o n  w a t e r  r e s o u r c e s . Al though, r a t h e r  f e w  o f  t h e s e  s t u d i e s  d i r e c t l y
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r e l a t e  s o u r c e s  t o  w a t e r  q u a l i t y , we  a re  assuming  th roughout  the  ensu ing  a rgu-
ment  tha t  techno log ica l  so lu t i ons  can  be  found  tha t  w i l l  be  much  more  amenab le
t o  p r e d i c t i o n  m e t h o d s  r e l a t i n g  t h e  n a t u r e  a n d  e x t e n t  o f  n o n p o i n t  p o l l u t i o n s
t o  v a r i o u s  s o u r c e s  c o n t r i b u t i n g  t h i s  p o l l u t i o n  t o  w a t e r  q u a l i t y .

A n o t h e r  w a y  o f  e x p r e s s i n g  t h e  c e n t r a l  t h r u s t  o f  t h e  p r e s e n t  a n a l y s i s  i s
t o  r e l a t e  i t  t o  t h e  q u e s t  f o r  a  f u r t h e r i n g  o f  t h e  d e c i s i o n - m a k i n g  p r o c e s s  i n -
v o l v e d  i n  p o l i c i e s ,  l a w ,  s t a n d a r d s , a n d  r e g u l a t i o n s  f o r  p o l l u t i o n  c o n t r o l
f r o m  a g r i c u l t u r a l  u s e s  o f  w a t e r  r e s o u r c e s . T h i s  c e r t a i n l y  i m p l i e s  a n  a n a l y -
t i c a l  f r a m e w o r k  f o r  a s s e s s i n g  a n d  e v a l u a t i n g  a  v a r i e t y  o f  i n s t i t u t i o n a l
a l t e r n a t i v e s  a n d  a  c o m b i n a t i o n  o f  s t r a t e g i e s  h a v i n g  t o  d o  w i t h  a n  i m p l e m e n t a -
t i o n  p r o c e s s  t h a t  w i l l  e n a b l e  c o m p l i a n c e  w i t h  n a t i o n a l  a n d  s t a t e  w a t e r
q u a l i t y  s t a n d a r d s  a s  w e l l  a s  w i t h  n a t i o n a l  w a t e r  q u a l i t y  g o a l s . G i v e n  t h i s
b road  mandate  and  the  emphas is  on  a l te rna t i ves  and  dec is ion-mak ing  cons ider -
a t i o n s , the  ana lys is  tha t  fo l lows is  based on  an  approach tha t  cons iders :

a. o u r  u n d e r s t a n d i n g  o f  t h e  p r o b l e m  a n d  t h e  e x t e n t  t o  w h i c h  r e t u r n
f l o w  c o n s i d e r a t i o n s  c a n  b e  i n t e r m i n g l e d  w i t h  a n  i m p l e m e n t a t i o n
p e r s p e c t i v e ;

b. a  s y s t e m a t i c  p r o c e s s  w h i c h  i n v o l v e s  i d e n t i f i c a t i o n  a n d  g e n e r a t i o n
o f  a l t e r n a t i v e s a s s e s s m e n t  a n d  e v a l u a t i o n  o f  s p e c i f i c  s t e p s
invo lved  in  an  imp lementa t ion  p rocess ;

C. c o n c r e t e  f i n d i n g s  b o t h  i n  t e r m s  o f  s u b s t a n t i v e  s t e p s  c o n c e r n i n g
t h e  p r o c e s s  o f  i m p l e m e n t a t i o n  a s  w e l l  a s  a n  i n i t i a l  d e t e r m i n a t i o n
o f  c r i t e r i a  c o n c e r n i n g  t h e  d e v e l o p m e n t  o f  r e a s o n a b l e  a l t e r n a t i v e s
i n  s o m e  c h a r a c t e r i s t i c  a r e a s  o f  t h e  w e s t e r n  U n i t e d  S t a t e s ;  a n d

d. c o n c l u s i o n s  a n d  r e c o m m e n d a t i o n s  w i t h  r e g a r d  t o  p o t e n t i a l  e f f o r t s
o f  i m p l e m e n t a t i o n  i n  t h e  p r o c e s s  o f  m e e t i n g  t h e  g e n e r a l  g o a l  o f
“ c l e a n e r  w a t e r ”  o r  c o n t r o l  o f  n o n p o i n t  p o l l u t i o n .

T h e  p u r p o s e  o f  t h e  s t u d y  i s  t o  d e l i n e a t e  t h e  c h a r a c t e r i s t i c s  o f  a n
e f f e c t i v e  p r o c e s s  f o r  i m p l e m e n t i n g  t e c h n i c a l  a n d  i n s t i t u t i o n a l  s o l u t i o n s  t o
t h e  p r o b l e m  o f  r e t u r n  f l o w  p o l l u t i o n . The process  env isaged a t tempts  to :

a .  d e f i n e  t h e  p r o b l e m  i n  t e r m s  o f  i t s  l e g a l ,  p h y s i c a l ,  e c o n o m i c ,  a n d
s o c i a l  p a r a m e t e r s ;

b. i d e n t i f y  p o t e n t i a l  s o l u t i o n s  i n  r e l a t i o n  t o  t h e  p a r a m e t e r s  o f  t h e
problem;

C. a s s e s s  p o t e n t i a l  s o l u t i o n s  f o r  d i v e r s e  s i t u a t i o n s ;  a n d

d. s p e c i f y  t h o s e  s o l u t i o n s  o r  g r o u p s  o f  s o l u t i o n s  w h i c h  a r e  t h e  m o s t
e f f e c t i v e  i n  r e d u c i n g  p o l l u t i o n  a n d  a r e  i m p l e m e n t a b l e  ( b u i l d i n g
t h e  b a s i s  f o r  i m p l e m e n t a t i o n ) .

I n  l o o k i n g  a t  p r e v a i l i n g  c o n d i t i o n s , the present EPA permit system seems
t o  f a i l  t o  a d e q u a t e l y  d e a l  w i t h  t h e  p r o b l e m  o f  i r r i g a t i o n  r e t u r n  f l o w  b e c a u s e
i t : f i r s t , ,  w a s  d e v e l o p e d  i n  t h e  a b s e n c e  o f  a  c l e a r  u n d e r s t a n d i n g  o f  t h e
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prob lem;  and ,  second , i t  i s  s t r o n g l y  r e s i s t e d  b y  t h o s e  i t  a t t e m p t s  t o  r e g u -
l a t e . T h e  p r o c e s s  o u t l i n e d  i n  t h e  s t u d y  a t t e m p t s  t o  a v o i d  t h e s e  d i f f i c u l t i e s
b y  i d e n t i f y i n g  s o l u t i o n s  a p p r o p r i a t e  t o  t h e  n a t u r e  o f  t h e  p r o b l e m  a n d  b y
“ t e s t i n g ”  f o r  t h e  a c c e p t a b i l i t y  o f  t h e s e  s o l u t i o n s  a m o n g  t h o s e  a f f e c t e d  b y
them. In essence, t h e  k e y  p o i n t  i s  t h e  p r o b l e m  o f  i r r i g a t i o n  r e t u r n  f l o w
q u a l i t y ,  n o t  t h e  “ p e r m i t  s y s t e m . ”

T h i s  r e p o r t  r e v o l v e s  a r o u n d  a  c o m b i n a t i o n  o f  t e c h n o l o g i c a l  a n d
i n s t i t u t i o n a l  s o l u t i o n s  t h r o u g h  b o t h  b a s i c  t h e o r e t i c a l  p r o p o s i t i o n s  a n d
p r a c t i c a l  a p p l i c a t i o n s . T h e  a r g u m e n t  i s  p r e s e n t e d  i n  s i x  i n t e r r e l a t e d
component parts:

1. The  methodo logy  repor t , wh ich  summar izes  the  overa l l  research
approach  o f  the  s tudy ; t h e  m e t h o d o l o g i c a l  p r e m i s e s ;  t h e  n a t u r e  o f  t h e
p r o b l e m ;  t h e  p r o c e s s  f o r  i d e n t i f y i n g  a p p r o p r i a t e  s o l u t i o n s ;  t h e  a s s e s s -
m e n t  o f  p o t e n t i a l  s o l u t i o n s ;  a n d ,  f i n a l l y ,  s o m e  g e n e r a l  p r o b l e m s  a n d
p r o s p e c t s  c o n c e r n i n g  t h e  p r o c e s s  o f  i m p l e m e n t a t i o n ,  p a r t i c u l a r l y  t h e
d i f f i c u l t i e s  w i t h  i m p l e m e n t i n g  c o n t r o l s  i n  a g r i c u l t u r a l  p o l l u t i o n  a n d
t h e  t h e o r e t i c a l  a n d  p r a c t i c a l  s t e p s  i n v o l v e d  i n  b u i l d i n g  t h e  b a s i s  f o r
i m p l e m e n t a t i o n  e f f o r t s .

2 . An execut ive summary, which accompanies the main report  but which
a l s o  s u p p o r t s  a  “ s l i d e  s h o w ”  a t t e m p t i n g  t o  p r o v i d e  i n  a  s u c c i n c t  f o r m
t h e  m a j o r  f i n d i n g s  o f  t h e  s t u d y  a s  w e l l  a s  t h e  p r o p o s i t i o n s  i n v o l v e d  i n
t h e  i d e n t i f i c a t i o n , a s s e s s m e n t  a n d  e v a l u a t i o n  o f  p o t e n t i a l  s o l u t i o n s
c o n c e r n i n g  i r r i g a t i o n  r e t u r n  f l o w .

3. A  “ s l i d e  s h o w ”  w h i c h  e x e m p l i f i e s  w i t h  c h a r a c t e r i s t i c  v i s u a l  h e l p
the  essence  o f  the  a rgument , t h e  f i n d i n g s  o f  t h e  s t u d y ,  a n d  a d d r e s s e s
in  a  more  popu la r  fo rm the  types  o f  ques t ions  and  responses  tha t  one
i d e n t i f i e s  w i t h  s o c i o - e c o n o m i c  c o n s i d e r a t i o n s  r e l a t i n g  t h e  s p i r i t  o f
t h e  l a w  t o  t h e  r e q u i r e m e n t s  o f  i m p l e m e n t i n g  s o l u t i o n s  f o r  c o n t r o l l i n g
t h e  q u a l i t y  o f  i r r i g a t i o n  r e t u r n  f l o w .

4. T h e  o v e r a l l  r e p o r t  o f  t h e  s t u d y  i n v o l v e s  a l s o  t h e  u s e  o f  t h r e e  c a s e
s t u d i e s  a n d  i n - d e p t h  l o o k s  a t  Y a k i m a  V a l l e y ,  M i d d l e  R i o  G r a n d e  V a l l e y ,
and Grand Val ley, w h i c h  p e r m i t  a  p r e s e n t a t i o n  o f  t h e  a p p r o a c h  u t i l i z e d
a s  w e l l  a s  s p e c i f i c  f i n d i n g s  a n d  r e c o m m e n d a t i o n s  r e l a t i n g  t o  t h e
prob lems o f  each  case  s tudy  a rea .

Each of the above parts outlined as part of the total reporting of the
s t u d y  s t a n d  b y  t h e m s e l v e s  b u t ,  i d e a l l y , t h e y  a l l  r e f l e c t  c o n c e r n  w i t h  t h e
same argument. They  shou ld  be  read  in  con junc t ion ,  bu t  each  one  o f  them
stands as an independent document.

R e t u r n i n g ,  t h e n , t o  t h e  m e t h o d o l o g y  r e p o r t  w h i c h  i s  t h e  t h r u s t  o f  t h e
present document, t h e  m a j o r  s e c t i o n s  r e l a t e  i n  a  t h e o r e t i c a l  a s  w e l l  a s
p r a c t i c a l  f a s h i o n  t h e  f o l l o w i n g :

a. the  ma jo r  conc lus ions  o f  the  s tudy ,  inc lud ing  no t  on ly
f i n d i n g s  a n d  m e t h o d o l o g i c a l  c o n s i d e r a t i o n s ,  b u t  a l s o
f r o m  t h e  c a s e  s t u d i e s ;

 t h e o r e t i c a l
k e y  f i n d i n g s
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b. recommendat ions  as  to  what  can  be  done in  v iew o f  the  exper iences
g a i n e d  a n d  c e r t a i n  c o n c r e t e  s u g g e s t i o n s  a s  t o  t h e  l a r g e r  p r o b l e m  o f
w a t e r  q u a l i t y  c o n t r o l ;

C. the research approach used, p a r t i c u l a r l y  t h e  m e t h o d o l o g i c a l  p r e m i s e s ,
t h e  p h a s e s  o f  r e s e a r c h  a n d  t h e  r o l e  o f  t h e  c a s e  s t u d i e s  i n  e l a b o r a t -
i n g  a n d  i l l u m i n a t i n g  t h e  b a s i c  t h e o r e t i c a l  p r o p o s i t i o n s  a d v a n c e d
v i s - a - v i s  t h e  p r o b l e m s  o f  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n t r o l ;

d. a  d e s c r i p t i o n  o f  t h e  n a t u r e  o f  t h e  p r o b l e m ,  e s p e c i a l l y  w i t h  r e g a r d
t o  t h e  d e t e r m i n a t i o n  o f  i t s  c a u s e s  a n d  s i g n i f i c a n c e  a n d  t h e  b a s i c
p a r a m e t e r s  o f  t h e  i n v e s t i g a t i o n ;

e. t h e  p r o c e s s  o f  i d e n t i f y i n g  p o t e n t i a l  s o l u t i o n s  a s  w e l l  a s  t h e  t y p e s
and range  o f  p roposed  so lu t ions  w i th  par t i cu la r  emphas is  on  the  need
t o w a r d s  c o m b i n a t i o n s  o f  s o l u t i o n s ;

f . t h e  p r o c e s s  o f  a s s e s s i n g  p o t e n t i a l  s o l u t i o n s  t h r o u g h  a  “ f i l t e r i n g ”
mechanism based also on f ie ld assessment;  and

9. a  genera l  d i scuss ion  and  se lec ted  remarks  as  to  the  p rocess  o f
i m p l e m e n t a t i o n  w i t h  p a r t i c u l a r  e m p h a s i s  o n  t h e  a t t r i b u t e s  o f  c h a n g e ,
t h e  p r o c e s s  o f  i n n o v a t i o n  a n d  d i f f u s i o n ,  a n d  t h e  c h a l l e n g e  o f  i m p l e -
m e n t i n g  c h a n g e s  i n  a g r i c u l t u r a l  p o l l u t i o n  c o n t r o l  e f f o r t s .
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SECTION 2

CONCLUSIONS

R e c o g n i z i n g  t h e  t h r u s t  o f  t h e  p r e s e n t  s t u d y  a s  t h e  p r o c e s s  f o r  i m p l e -
m e n t a t i o n  o f  t e c h n o l o g i c a l  a n d  i n s t i t u t i o n a l  s o l u t i o n s  t o  r e t u r n  f l o w  q u a l i t y
problems, t h e  f o l l o w i n g  c o n c l u s i o n s  s u m m a r i z e  t h e  c e n t r a l  f i n d i n g s :

1. A t  t h e  h e a r t  o f  t h e  p r o b l e m  i s  t h e  i n s t i t u t i o n a l  a r r a n g e m e n t  f o r
a l  l o c a t i n g  w a t e r ,  i . e . , t h e  w a t e r  r i g h t  w h i c h  o r d i n a r i l y  b e a r s  l i t t l e
r e l a t i o n s h i p  t o  n e e d  a n d / o r  b e n e f i c i a l  u s e .

2 . T h e  m o s t  a p p r o p r i a t e  s o l u t i o n s  d e a l  w i t h  t h e  d i v e r s i o n s  a n d  u s e s
o f  w a t e r  r a t h e r  t h a n  t r e a t m e n t  o f  i r r i g a t i o n  r e t u r n  f l o w s ,  i . e . ,  e f f e c -
t i v e  s o l u t i o n s  d e a l  w i t h  c a u s e s  o f  p o l l u t i o n ,  n o t  t h e  p o l l u t i o n  i t s e l f .

3. S o l u t i o n s  m u t u a l l y  b e n e f i c i a l  t o  a l l  o t h e r  u s e r s  o f  w a t e r  a n d  t h e
fa rmers  a re  mos t  imp lemen tab le ,  e .g . , p u b l i c l y  s u b s i d i z e d  o n - f a r m
p h y s i c a l  i m p r o v e m e n t s ;  p r o v i s i o n  o f  t e c h n i c a l  a s s i s t a n c e  i n  w a t e r
marke ts , w a t e r  r e n t a l  m a r k e t s  w h i c h  c a u s e  a l l o c a t i o n  o f  “ s u r p l u s ”
wate r  to  non fa rm uses .

4. Var ious means of  improving on-farm management of  water are favored
b y  p e r s o n s  c l o s e l y  r e l a t e d  t o  i r r i g a t e d  a g r i c u l t u r e .

5. I r r i g a t i o n  d i s t r i c t s  p l a y  a  m a j o r  r o l e  a s  p a r t  o f  e x i s t i n g  o r g a n -
i z a t i o n s  i n  i m p l e m e n t i n g  s o l u t i o n s  t o  r e t u r n  f l o w  q u a l i t y  p r o b l e m s .

6. I n f o r m a t i o n a l  a n d  e d u c a t i o n a l  p r o g r a m s  t o  a s s i s t  i n d i v i d u a l  f a r m
o p e r a t o r s  m u s t  b e  i n s t i t u t e d  e a r l y ; b e  i m a g i n a t i v e l y  c o n c e i v e d ;  a n d
be con t inuous ly  mon i to red , m o d i f i e d  a n d  u p g r a d e d  i f  m o t i v a t i o n  f o r
change is to be encouraged.

7. T h e r e  m u s t  b e  a  c l e a r  d e f i n i t i o n  a s  t o  w h o  h a s  a u t h o r i t y ,  c o n t r o l
a n d  r e s p o n s i b i l i t y  f o r  s p e c i f i c  t a s k s  a s s o c i a t e d  w i t h  i r r i g a t i o n  r e t u r n
f l o w  q u a l i t y  c o n t r o l .

8 .  M a j o r  t e c h n o l o g i c a l  b r e a k t h r o u g h s  s h o u l d  n o t  b e  r e l i e d  u p o n  f o r
p r o v i d i n g  r e t u r n  f l o w  c o n t r o l ;  i n s t e a d , emphasis should be on a com-
b i n a t i o n  o f  c u r r e n t  t e c h n o l o g i e s  a n d  o f  i n s t i t u t i o n a l  a r r a n g e m e n t s .

9 . S ta tewide  and reg iona l  adv isory  commi t tees  have been ind ica ted  as
u s e f u l  p a r t s  o f  t h e  c o n t i n u o u s  e f f o r t  f o r  c o o p e r a t i o n ,  c o o r d i n a t i o n  a n d
c o m b i n a t i o n  o f  e f f o r t s  a n d  r e s o u r c e s .
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10. T e c h n o l o g i c a l  a l t e r n a t i v e s  f o r  i m p r o v e m e n t  s h o u l d  b e  u t i l i z e d  w i t h
s e n s i t i v i t y  t o  l o c a l  c o n d i t i o n s  a n d  a s  p a r t  o f  a  s l o w ,  i t e r a t i v e  a n d
long- range  p rocess  o f  imp lementa t ion .

11. C r e d i b i l i t y  a n d  t r u s t w o r t h i n e s s  o f  f e d e r a l  a n d  s t a t e  a g e n c i e s  i n
t h e  e y e s  o f  w a t e r  u s e r s  p r o v i d e  t h e  i m p o r t a n t  f i n a l  i n g r e d i e n t  i n
unders tand ing  the  need  fo r  change ; i n  m o t i v a t i n g  i n d i v i d u a l s  f o r  a c c e p t -
i n g  a p p r o p r i a t e  s o l u t i o n s ;  a n d , i n  c r e a t i n g  a  c l i m a t e  o f  c o o p e r a t i o n
and  c redence  as  to  the  need  and  u l t ima te  use fu lness  o f  a  la rger  soc ia l
p o l i c y  c o n c e r n i n g  “ c l e a n e r  w a t e r . ”
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SECTION 3

RECOMMENDATIONS

The  recommenda t ions  o f  the  p ro jec t  a re  more  re levan t  to  the  c i r cum-
s t a n c e s  o f  t h e  c a s e  s t u d i e s . Genera l i z ing  f rom the  recommenda t ions  o f  the
c a s e  s t u d i e s , the  fo l l ow ing  po in ts  supp lement  key  recommendat ions  f rom the
s tudy :

1. Studies should be undertaken to evaluate the downstream damages
d u e  t o  w a t e r  p o l l u t i o n . S u c h  s t u d i e s  w o u l d  d e l i n e a t e  t h e  d i s t r i b u t i o n a l
i m p a c t s  o f  b e n e f i t s  a n d  c o s t s  f r o m  m e a s u r e s  t o  i m p r o v e  i r r i g a t i o n  r e t u r n
f l o w  q u a l i t y  i n  o r d e r  t o  d e v e l o p  m o r e  e x a c t  s t a n d a r d s  o f  c o s t - s h a r i n g .
In essence, the  share  o f  the  burden  be tween the  fa rmer  and  soc ie ty
s h o u l d  b e  m o r e  a c c u r a t e l y  e v a l u a t e d  i n  o r d e r  t o  a r r i v e  a t  a  b e t t e r
e s t i m a t i o n  o f  w h e t h e r  t h e  f a r m e r  s h o u l d  p a y  t h e  f u l l  c o s t ,  o r  t h e
government  shou ld  share  the  even tua l  cos t .

2. G iven  the  f i r s t  recommendat ion , s o l u t i o n s  t o  p r o b l e m s  o f  i r r i g a t i o n
r e t u r n  f l o w  q u a l i t y  c o n t r o l  s h o u l d  d e a l  w i t h  c a u s e s  a n d  n o t  s y m p t o m s .
T h i s  m e a n s  t r a c k i n g  t h e  u l t i m a t e  c o n d i t i o n s  t h a t  r e s u l t  i n  w a t e r  d e g -
r a d a t i o n , e s p e c i a l l y  t h r o u g h  a  c a r e f u l  a n a l y s i s  o f  t h e  p r o v i s i o n s  o f
t h e  l e g a l  s y s t e m  a n d  t h e  c r e a t i o n  o f  a  m a r k e t  a n d  o t h e r  i n s t i t u t i o n a l
mechan isms tha t  cou ld  reach  the  roo ts  o f  the  p rob lem ra the r  than  the
m a n i f e s t a t i o n s  o f  i t .

3. A water management improvement program should be implemented to
inc lude  the  fo l l ow ing  componen ts :

a. s y s t e m  r e h a b i l i t a t i o n  t o  a l l o w  t i m e l y  a n d  a c c u r a t e  d e l i v e r y  o f
w a t e r  s o  t h a t  e x i s t i n g  c o n s t r a i n t s  t o  b e t t e r  o n - f a r m  w a t e r
management may be removed;

b. a n  i r r i g a t i o n  s c h e d u l i n g  s e r v i c e  t o  a l l o w  f a r m e r s  o p t i m a l  q u a n t -
i t i e s  o f  w a t e r  f o r  c r o p  p r o d u c t i o n  t o  b e  a p p l i e d  w i t h  a  m i n i m u m
o f  w a s t e ;

C. m e a s u r e m e n t  o f  i r r i g a t i o n  w a t e r  t o  t h e  f a r m  t o  a l l o w  t h e  a p p l i -
c a t i o n  o f  t h e  d e s i r e d  q u a n t i t y  o f  i r r i g a t i o n  w a t e r ;  a n d

d. a  c h a n g e  i n  i r r i g a t i o n  m e t h o d s  i n  s o m e  c a s e s  ( e . g . ,  t r i c k l e
i r r i g a t i o n  f o r  p e c a n s , s p r i n k l e r  i r r i g a t i o n  f o r  f i e l d  c r o p s )
to  reduce  consumpt ive  use  and  was te  due  to  nonun i fo rmi ty  o f
w a t e r  a p p l i c a t i o n .
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4 . I n  t e r m s  o f  i m p l e m e n t a b i l i t y , t h e  m o s t  a c c e p t a b l e  m e t h o d s  a r e  t h o s e
f o r  w h i c h  w e  h a v e  m o s t  c o n t r o l . I n  t h i s  r e s p e c t , i n a p p r o p r i a t e  s o l u t i o n s
a r e  t h o s e  t h a t  a r e  s u p e r i m p o s e d  o n  t h e  s y s t e m  a n d  a r e  n o t  p a r t  o f  l o c a l
c o n t r o l . L o c a l  s o l u t i o n s  a r e n e e d e d  w h i c h  m a x i m i z e  i m p l e m e n t a b i l i t y  a n d
a r e  s e n s i t i v e  t o  t h e  p r o b l e m  a t  h a n d , a n d  w h i c h  m a y  a l s o  r e q u i r e  t h e
c r e a t i o n  o f  n e w  i n s t i t u t i o n s . W h e n e v e r  p o s s i b l e , e x i s t i n g  i n s t i t u t i o n a l
b o d i e s  s h o u l d  b e  u t i l i z e d  r a t h e r  t h a n  s u p e r i m p o s i n g  a r t i f i c i a l l y  c o n -
c e i v e d  o r g a n i z a t i o n s .

5 . T h e r e  m u s t  b e  g r e a t e r  p a r t i c i p a t i o n  b y  t h e  f a r m e r s  a n d  u s e r s  i n
o r d e r  t o  e n h a n c e  t h e  f e e l i n g  o f  j o i n t  a c t i o n ,  i n v o l v e m e n t  a n d  a t t i t u d e s
o f  d e m o c r a t i c  d e c i s i o n - m a k i n g . T h i s  i m p l i e s  t h a t  t h e  i m p l e m e n t a t i o n
e f f o r t s  a r e  p a r t  o f  a  c o m m u n i t y w i d e  b a s i s  a n d  o f  a  t o t a l  i n v o l v e m e n t
r a t h e r  t h a n  p a r t  o f  h a n d e d - d o w n  s o l u t i o n s  i m p o s e d  u p o n  t h e  w a t e r  u s e r .

6 . I t  i s  i m p o r t a n t  t o  e x p a n d  d e m o n s t r a t i o n  p r o j e c t s  i n  o r d e r  t o  i n c o r -
p o r a t e  i n s t i t u t i o n a l  “ s o l u t i o n s ” o n  a  b a s i n w i d e  b a s i s  a n d  a t t a c k  t h e
p r o b l e m  t h r o u g h  a  m o r e  h o l i s t i c  a p p r o a c h ,  r a t h e r  t h a n  o n l y  t h r o u g h
t e c h n o l o g i c a l  m e a s u r e s . However , w h i l e  t h e  d e m o n s t r a t i o n  p r o j e c t  s h o u l d
b e  o n  a  b a s i s  t h a t  w o u l d  b e  w i d e  e n o u g h  ( p e r h a p s  a  d i s t r i c t  o r  a  r e g i o n )
i  t  s h o u l d  n o t  e n c o m p a s s  s u c h  a  w i d e  t e r r i t o r y  a s  t o  l o s e  i t s  e f f e c t i v e -
n e s s  a s  a  d e m o n s t r a t i o n  p r o j e c t .

7 . T h e  a p p r o a c h  t o w a r d s  i m p l e m e n t a t i o n  s h o u l d  b e  b a s e d  o n  a  d e t e r m i n a -
t i o n  o f  t h e  a b i l i t y  o f  t h e  f a r m e r  t o  s o l v e  t h e  p r o b l e m  a s  w e l l  a s  o f  t h e
c a p a b i l i t y  o f  t h e  g o v e r n m e n t  t o  p r o m o t e  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y
c o n t r o l . A  b a l a n c e  m u s t  b e  r e a c h e d  b e t w e e n  t h e  a b i l i t y  o f  t h e  f a r m e r
a n d  t h e  c a p a b i l i t y  o f  t h e  g o v e r n m e n t  i n  o r d e r  t o  p r o v i d e  a  m i x  o f
i m p l e m e n t i n g  m e a s u r e s  t h a t  u t i l i z e  b o t h  m o t i v a t i o n a l  r e i n f o r c e m e n t  a n d
a d m i n i s t r a t i v e  e n f o r c e m e n t .
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SECTION 4

THE RESEARCH APPROACH

METHODOLOGICAL PREMISES

T h e  s t u d y  u n d e r t a k e n  b y  t h e  i n t e r d i s c i p l i n a r y  t e a m  h a s  a t t e m p t e d  t o
f u r t h e r  t h e  p u b l i c  a n d  p o l i t i c a l  d e c i s i o n - m a k i n g  p r o c e s s  c o n c e r n e d  w i t h  t h e
p r o b l e m  o f  q u a l i t y  d e g r a d a t i o n  i n  a g r i c u l t u r a l  r e t u r n  f l o w s . I n  o u t l i n i n g
the  th rus t  o f  such  an  approach , t h e  f o l l o w i n g  i n t e r r e l a t e d  o b j e c t i v e s  h a v e
b e e n  i d e n t i f i e d  a s  n e c e s s a r y :

a . t h e  d e s c r i p t i o n  o f  p r o b l e m s  o f  w a t e r  q u a l i t y  c a u s e d  b y  i r r i g a t i o n
r e t u r n  f l o w s  i n  a  p a r t i c u l a r  a r e a ;

b. t h e  i d e n t i f i c a t i o n  o f  a p p r o p r i a t e  t e c h n o l o g i e s  a n d  t h e  i n s t i t u t i o n a l
a l t e r n a t i v e s  t h a t  t o g e t h e r  m a y  i m p r o v e  i r r i g a t i o n  r e t u r n  f l o w
q u a l i t y  c o n t r o l ;

C. t h e  a s s e s s m e n t  o f  c o m b i n a t i o n s  o f  t e c h n o l o g i e s  a n d  i n s t i t u t i o n s  a s
t o  t h e i r  f e a s i b i l i t y  o f  i m p l e m e n t a t i o n  i n  s e l e c t e d  a r e a s  i n  t h e
West ,  th rough  f ie ld  responses  and  commun i ty  feedback ;  and

d. the  ana lys is  o f  the  p rocess  o f  change and  o f  dec is ion-mak ing  as  a
b a s i s  f o r  e v e n t u a l  e f f o r t s  o f  i m p l e m e n t i n g  r e t u r n  f l o w  q u a l i t y
c o n t r o l .

T o  a c h i e v e  t h e  p r o p o s e d  i n t e r d i s c i p l i n a r y  s t u d y ,  f o u r  a r e a s  w e r e
se lec ted  in  the  wes te rn  Un i ted  S ta tes  w i th in  wh ich  the  conceptua l  and  method-
o l o g i c a l  a p p r o a c h e s  t o  t h e  s t u d i e s  w e r e  a p p l i e d . These included Yakima
V a l l e y ,  M i d d l e  R i o  G r a n d e  V a l l e y  f r o m  E l e p h a n t  B u t t e  R e s e r v o i r  t o  F o r t
Qu i tman,  Texas ,  Grand Va l ley ,  and  San Joaqu in  Va l ley . Such an approach
a l l o w e d  a  c o m b i n a t i o n  o f  b o t h  t h e o r y  a n d  p r a c t i c e  a n d  c o n t r i b u t e d  t o  t h e
deve lopment  o f  bo th  genera l  and  spec i f i c  recommenda t ions  fo r  p rog rams imp le -
m e n t i n g  i n s t i t u t i o n s  a n d  t e c h n o l o g i e s  f o r  i m p r o v e m e n t  o f  i r r i g a t i o n  r e t u r n

w h i l ef l o w  q u a l i t y  c o n t r o l . T h e  f i r s t  t h r e e  a r e a s  w e r e  s t u d i e d  i n  d e t a i l ,
the last one (as i t  wi l l  be indicated later)  was used only as an addit ional
s o u r c e  o f  i n f o r m a t i o n  f o r  o u t l i n i n g  g e n e r a l  p r o b l e m s  i n  r e t u r n  f l o w s .

E s s e n t i a l l y , in  the  p roposed approach ,  there  a re  f i ve  in te r lock ing
s teps  in  a  p rocess  o f  cumula t i ve ly  bu i ld ing  exper ience  w i th  the  p rob lem  a n d
o f  p r o v i d i n g
i n s t i t u t i o n a l

an analytical framework for evaluating
 a l t e r n a t i v e s . These steps include:
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1. P r o b l e m  d e f i n i t i o n .

2 . T h e  i n v e s t i g a t i o n  o f  t h o s e  i n s t i t u t i o n s  a n d  t e c h n o l o g i e s  w h i c h
c o u l d  c o n t r o l  q u a l i t y  o f  i r r i g a t i o n  r e t u r n  f l o w  a n d  t h e  a s s e s s m e n t  o f
the i r  impac t  on  the  p rob lem.

3 . T h e  g e n e r a t i o n  o f  a l t e r n a t i v e s  o r  t h e  i d e n t i f i c a t i o n  a n d  a n a l y s i s
o f  v a r i o u s  t e c h n i c a l  a n d  i n s t i t u t i o n a l  s o l u t i o n s  t o  p r o b l e m s  o f  q u a l i t y
c o n t r o l .

4 .  T h e  a s s e s s m e n t  o f  t h o s e  a l t e r n a t i v e s  a n d  a  c r i t i c a l  a n a l y s i s  o f
t o t a l  s y s t e m  e f f e c t s  o f  c r i t e r i a  f o r  w e i g h t i n g  a l t e r n a t i v e s .

5. E v a l u a t i o n  t h r o u g h  t h e  h e l p  o f  a f f e c t e d  r e c i p i e n t s  a n d  a  j u x t a p o s i -
t i o n  o f  f e a s i b l e  s t r a t e g i e s  a n d  o f  p r o g r a m s  o f  q u a l i t y  c o n t r o l .

T h u s ,  t h e  m a j o r  e f f o r t  i n  t h i s  s t u d y  w a s  o f  b u i l d i n g  a  b a s i s  f o r
i m p l e m e n t a t i o n  i n  a  d y n a m i c  p r o c e s s  o f  d e f i n i t i o n ,  i n v e s t i g a t i o n ,  a n a l y s i s ,
a n d  e v a l u a t i o n  o f  a l t e r n a t i v e s  a n d  a n  u n d e r s t a n d i n g  t h r o u g h o u t  t h i s  p r o c e s s
o f  k e y  f a c t o r s  w h i c h  m a y  h i n d e r  o r  f a c i l i t a t e  a d o p t i o n  a n d  s u s t a i n e d  u s e  o f
“ s o l u t i o n s . ”

The  genera l  ob jec t i ves  ou t l ined  above  have  to  be  unders tood  in  the  con-
t e x t  o f  a  b r o a d e r  a p p r o a c h  t h a t  i n v o l v e s  f o u r  c r i t i c a l  d i m e n s i o n s  a s  o u t l i n e d
i n  t h e  d e s c r i p t i v e  d i m e n s i o n s  o f  F i g u r e  1 . F i r s t  o f  a l l ,  a  m a j o r  d i m e n s i o n
h a s  t o  d o  w i t h  t h e  d e l i n e a t i o n  o f  t h e  p r o b l e m  b o u n d a r i e s  a n d  t h e  d e t e r m i n a -
t i o n  o f  t h e  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n t r o l  d i m e n s i o n s  ( 1 ) .  T h e
s e c o n d  p a r t  o f  t h e  a n a l y s i s  i n v o l v e s  t h e  p r o v i s i o n s  a n d  t h e  l e g a l  i m p e r a t i v e s
o u t l i n e d  i n  P . L .  9 2 - 5 0 0  ( 2 ) . T h e  t h i r d  h a s  t o  d o  w i t h  t h e  “ r e c i p i e n t s , ”
i . e . , a f f e c t e d  p a r t i e s  a n d  t h e  r e l a t e d  o r g a n i z a t i o n a l  p r e p a r e d n e s s  f o r  n e w
i n s t i t u t i o n a l  a r r a n g e m e n t s  o r  r e a r r a n g e m e n t s  ( 3 ) .  F i n a l l y ,  t h e  l a s t  p a r t
h a s  t o  d o  w i t h  t h e  p r e f e r r e d  c o u r s e  o f  a c t i o n ,  o r  “ t h e  s o l u t i o n ”  w h i c h  i s
d e s c r i b e d  a s  t h e  “ f i t , ” c o n s t i t u t i n g  t h e  c o m b i n a t i o n  o f  t e c h n o l o g i c a l  a n d
i n s t i t u t i o n a l  a l t e r n a t i v e s  a i m i n g  a t  r e d u c t i o n  o f  p r o b l e m s  o f  i r r i g a t i o n
r e t u r n  f l o w  ( 4 ) . I n  o t h e r  w o r d s ,  w h a t  w e  h a v e  i n  t h i s  i m p r e s s i o n i s t i c  f i g -
u r e  a r e  t h e  k e y  e l e m e n t s  o f  o u r  a p p r o a c h ,  i . e . , the  degrada t ion  o f  wa te r  f rom
a  v a r i e t y  o f  a g r i c u l t u r a l  u s e  p o l l u t a n t s ; t h e  l a w ;  t h e  a f f e c t e d  p a r t i e s ;  a n d ,
t h e  “ s o l u t i o n . ”

In such an approach, t h e  p r o b l e m  b o u n d i n g  o f  t h e  i r r i g a t i o n  r e t u r n  f l o w
q u a l i t y  c o n t r o l  p r o b l e m  r e f l e c t s  t h e  p h y s i c a l  p a r a m e t e r s  a n d  p a r t i c u l a r  c o n -
d i t i o n s  a n d  u s e s  o f  a  g i v e n  p r o b l e m a t i c  s i t u a t i o n  o f  a g r i c u l t u r a l  p o l l u t i o n
( 2 ) . P .L .  92-500 ,  wh ich  demands  tha t  the  p rob lem be  remed ied ,  i s  represen ted
b y  t h e  c i r c l e  ( 2 )  o v e r l a p p i n g  w i t h  t h e  b o u n d a r i e s  o f  t h e  p r o b l e m .  T h i s
r e s u l t s  f r o m  t h e  f a c t  t h a t  n o t  a l l  o f  t h e  l a w  i s  n e c e s s a r i l y  a p p l i c a b l e  t o
i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n t r o l  p r o b l e m s . The same argument pertains
a l s o  t o  r e c i p i e n t s  o f  e f f e c t s  ( 3 ) ,  b o t h  a f f e c t e d  p a r t i e s  ( g r o u p s  o r  i n d i v i -
d u a l s )  a n d  o r g a n i z a t i o n s  ( i n  t e r m s  o f  t h e i r  p r e p a r e d n e s s  f o r  c h a n g e ) .
O b v i o u s l y ,  p a r t  o f  p a r t i e s  a n d  o r g a n i z a t i o n s  f a l l  w i t h i n  t h e  b o u n d a r i e s  o f
a g r i c u l t u r a l  p o l l u t i o n ;  b u t ,  a t  t h e  s a m e  t i m e , p a r t  o f  t h e m  a r e  o u t s i d e  t h e
p a r t i c u l a r  b o u n d a r y  o f  t h e  p r o b l e m  ( i n  b o t h  s p a t i a l  a n d  a s p a t i a l  t e r m s ) .  I t
s h o u l d  b e  n o t e d  h e r e  t h a t  i n s t i t u t i o n a l  p r e p a r e d n e s s  i m p l i e s  w h a t  t h e  s o c i a l
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s y s t e m  c a n  d o  w i t h  r e g a r d  t o  t h e  p r o b l e m  o f  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y
c o n t r o l . W i t h i n  t h a t  i n s t i t u t i o n a l  f r a m e w o r k  a n d  w i t h  c o n s i d e r a t i o n  o f
a f f e c t e d  p a r t i e s , one can t race consequences of  the law. I n s t i t u t i o n a l  l i n k -
a g e s  p l a c e  i n d i v i d u a l  r e c i p i e n t s  w i t h i n  t h e  o r g a n i z a t i o n a l  f r a m e w o r k . I t  i s
such  a  f ramework  wh ich  to  a  la rge  ex ten t  de te rmines  the  degree  and  type
o f  e f f e c t s  t h a t  t h e  i n d i v i d u a l s  w i l l  b e  e x p o s e d  t o .

G i v e n  t h e s e  t h r e e  m a j o r  d i m e n s i o n s - - t h e  p r o b l e m ,  t h e  l a w ,  a n d  t h e
r e c i p i e n t s - - t h e  n e x t  s t e p  i s  t o  i n v e s t i g a t e  t h o s e  " s o l u t i o n s "  ( h a r d w a r e  a n d
s o f t w a r e )  w h i c h  s i n g l y  o r  t o g e t h e r  m a y  c o n t r o l  i r r i g a t i o n  r e t u r n  f l o w . There
emerges  what  we  rough ly  have  descr ibed  as  the  “p re fe r red  course  o f  ac t ion , ”
o r  i n  a  s i m p l e r  f o r m ,  t h e  “ s o l u t i o n ”  ( 4 ) . S u c h  a  “ s o l u t i o n ”  t a k e s  i n t o
a c c o u n t  t h e  c o n d i t i o n s  o f  t h e  s i t u a t i o n , t h e  t e c h n i c a l  a n d  i n s t i t u t i o n a l
parameters, and  a r ranges  a l l  such  e lements  in  such  a  way  as  to  meet  the
s p i r i t  o f  t h e  l a w . i d e a l l y ,  s u c h  a  p r o c e d u r e  w o u l d  a l l o w  t h e  b e s t  p o s s i b l e
“ f i t ”  o f  t h e  l a w  a n d  a f f e c t e d  r e c i p i e n t s  i n  o r d e r  t o  a c h i e v e  s h a r e d  g o a l s  o f
r e t u r n  f l o w  q u a l i t y  c o n t r o l . T h e  " s o l u t i o n ” to  the  p rob lem o f
r e t u r n  f l o w  q u a l i t y  c o n t r o l  i s  t o  m a x i m i z e  t h e  c o m p a t i b i l i t y  o f
o f  t h e  l a w  w i t h  t h e  d e s i r e s  o f  t h e  r e c i p i e n t s  a s  r e l a t e d  t o  
e f f e c t i v e  a g r i c u l t u r a l  p r o d u c t i o n . In this simplistic interpretation
“ f e a s i b l e  s o l u t i o n ” s tand ing  be tween the  law and the  rec ip ien ts
as  a  “pu l l ”  b r ing ing  toge ther  these  two  po les  o f  p resumed s im i l i a r
namely, i n c r e a s e d  a g r i c u l t u r a l  o u t p u t  a n d  “ c l e a n e r  w a t e r . ”

T h i s  p r o c e s s  o f  i n t e g r a t i n g  t h e  p r o v i s i o n s  o f  t h e  l a w  w i t h

i r r i g a t i o n
the mandate
effcient and
,  a
shou ld  ac t
i n t e r e s t s ,

t h e  d e s i r e s
o f  t h e  r e c i p i e n t s  l e a d s  t o  f u r t h e r  c o n s i d e r a t i o n  a s  t o  i m p l e m e n t i n g  a  “ f e a s -
i b l e  s o l u t i o n ” b y  k e e p i n g  i n  m i n d  t h r e e  c r i t i c a l  q u e s t i o n s :

1. H o w  i s  t h e  p r e f e r r e d  c o u r s e  o f  a c t i o n  a r r i v e d  a t  ( d e v e l o p i n g  f e a s -
i b l e  o r  b a l a n c e d  s o l u t i o n s ) ?

2. O n c e  t h a t  p r e f e r r e d  c o u r s e  o f  a c t i o n  i s  o b t a i n e d ,  h o w  c a n  i t  b e
i n t e g r a t e d  i n t o  t h e  s o c i a l  s y s t e m ?

3. G i v e n  t h e  f i r s t  t w o  d i m e n s i o n s , w h a t  a r e  t h e  c o n d i t i o n s  f o r  e x e r -
c i s i n g ,  m o n i t o r i n g  a n d  r e e v a l u a t i n g  t h i s  p a r t i c u l a r  c o u r s e  o f  a c t i o n
( a d m i n i s t r a t i o n ) ?

What  we are  say ing  i s  tha t  the  p rocess  o f  imp lementa t ion  represented  by
t h e  d o t t e d  l i n e s  o f  F i g u r e  1  b r i n g s  t h e  o b j e c t i v e s  o f  t h e  l a w  a n d  t h e  d e s i r e s
o f  the  rec ip ien ts  c loser  toge ther  in  a  compat ib le  and  nego t ia ted  scheme whose
u l t i m a t e  a i m  i s  t h e  p r o p e r  s o l u t i o n  o f  p r o b l e m s  o f  p o l l u t i o n  a n d  i r r i g a t i o n
r e t u r n  f l o w  q u a l i t y  c o n t r o l ,  l e a d i n g  t o  “ c l e a n e r  w a t e r . ”

I m p l i c i t  t h r o u g h o u t  t h i s  g e n e r a l  s c h e m e  o f  b r i n g i n g  t o g e t h e r  l e g a l  i m -
p e r a t i v e s  ( p o l i c y )  a n d  a f f e c t e d  p a r t i e s  ( i m p l e m e n t a t i o n )  a r e  a  n u m b e r  o f
under ly ing  concepts  f rom soc ia l  psycho logy . These  concep ts  can  be  a l l  sub -
s u m e d  u n d e r  t h e  p r o c e s s  t h a t  m a y  b e  b r i e f l y  l a b e l e d  a s  t h a t  o f  “ b r a c k e t i n g ”
(a l so “ s c r e e n i n g ”  o r  “ f i l t e r i n g ” ) . The  common charac te r i s t i c  o f  a l l  such
b r o a d  c o n c e p t s  i s  t h e  a t t e m p t  t o  i n c o r p o r a t e  t h e  n o t i o n  o f  c o n g r u e n c e  o r
c o m p a t i b i l i t y . Ra ther  than  d iscuss ing  fu r ther  a l l  such  concepts ,  we  may  use

14



t h e  c a t e g o r i e s  i n  F i g u r e  2  i n  o r d e r  t o  s u m m a r i z e  t h e  p r e s u m e d  d i f f e r e n c e s  i n
the  con t inuum f rom knowledge  to  in fo rmat ion  and  adop t ion  and  imp lementa t ion .

F igure  2  assumes two leve ls  o f  ana lys is . O n  t h e  i n d i v i d u a l  l e v e l  t h e r e
m a y  a r i s e  w h a t  h a s  b e e n  i d e n t i f i e d  i n  t h e  l i t e r a t u r e  a s  “ c o g n i t i v e  d i s s o -
nance . ” I n  t h e  p r e s e n t  c o n t e x t , t h i s  c o n c e p t  i n d i c a t e s  t h e  d i s c o m f o r t
exper ienced by  persons  when they  perce ive  tha t  var ious  phenomena are  in -
c o n s i s t e n t  w i t h  o n e  a n o t h e r . In such a case, i n d i v i d u a l s  a r e  m o t i v a t e d  t o
seek balance “ i n  o r d e r  t o  g e t  t h e i r  w o r l d  i n  o r d e r  a g a i n . ” The concept  of
c o g n i t i v e  d i s s o n a n c e  o n  t h e  i n d i v i d u a l ,  o r  s o c i o - p s y c h o l o g i c a l ,  l e v e l  i s
i m p o r t a n t  i n  o r d e r  t o  u n d e r s t a n d  t h e  d i s p a r i t y ,  b e t w e e n  t h e  i n d i v i d u a l  u s e r ’ s
u n d e r s t a n d i n g  o f  w h a t  t h e  i m p l e m e n t a t i o n  o f  i r r i g a t i o n  r e t u r n  f l o w  m e a s u r e s
may do  and  h is  unders tand ing  o f  how the  wor ld  a round h im rea l l y  i s . On the
o ther  hand ,  on  a  more  macro  leve l  o r  on  a  soc ie ta l  l eve l ,  we  may  unders tand
the  d ispar i t i es  o r  d isagreements  as  par t  o f  what  we may summar i l y  labe l
“ s t r u c t u r a l  s t r a i n , ” i n d i c a t i n g  t h e  d i f f e r e n c e  b e t w e e n  t h e  n o b l e  p r i n c i p l e s
o f  t h e  l a w  a n d  t h e  i n a b i l i t y  o f  i n s t i t u t i o n s  t o  s t r e t c h  a n d  a c c o m m o d a t e  p r o -
posed  changes  o r  imp lement  des i red  po l i c ies .

T h e  i m p l i c a t i o n  f r o m  s u c h  p o t e n t i a l  s o u r c e s  o f  i n c o m p a t i b i l i t y  i s  t h a t
t h e  s o l u t i o n  o f  c o g n i t i v e  d i s s o n a n c e  l e a d s  t o  c o n s e n s u s  v a l i d a t i o n ,  w h i l e  t h e
r e s o l u t i o n  o f  s t r u c t u r a l  s t r a i n  l e a d s  t o  w h a t  m a y  b e  c a l l e d  “ s o c i o - c u l t u r a l
c o m p a t i b i l i t y ”  ( i . e . , the agreement between what the law impl ies and what the
l a w  i n  t h e  a c t u a l  c a s e  i s  c a p a b l e  o f  d o i n g ) . Thus, t h e  r e s o l u t i o n  o f  b o t h
i n d i v i d u a l  c o g n i t i v e  d i s s o n a n c e  a n d  o f  i n s t i t u t i o n a l  s t r u c t u r a l  s t r a i n s  l e a d s
idea l l y  to  congruence  th rough s teps  and  measures  tha t  they  a re  no t  on ly
a p p r o p r i a t e  b u t  a l s o  a c c e p t a b l e  a n d  f e a s i b l e  u n d e r  t h e  r e a l i s t i c  c o n s t r a i n t s
of given circumstances .

The  above  cons idera t ions  po in t  ou t  tha t  o f ten  there  may  be  a  p ronounced
gap be tween p roposed  po l i cy  ac t ions  and  e f fo r ts  fo r  imp lementa t ion . Later on
t h e r e  w i l l  b e  f u r t h e r  d i s c u s s i o n  o f  t h e  t h e m e  a s  t o  h o w  t h i s  g a p  c a n  b e
c losed  and  how compat ib i l i t y  be tween what  i s  p roposed and  what  can  be  imp le -
mented can be achieved. I t  i s  i m p o r t a n t  t o  n o t i c e  t h a t  t h i s  g a p  b e t w e e n  p r o -
posed po l i cy  ac t ions  and  ac tua l implementat ion ef for ts may be due to many
f a c t o r s  s u c h  a s  t h e  l a c k  o f  a p p r o p r i a t e  r o l e s ; t h e  l a c k  o f  a  l a r g e r  n o r m a t i v e
s t r u c t u r e ; t h e  l a c k  o f  i n s t i t u t i o n a l  l i n k a g e s  a n d  m e c h a n i s m s ;  a n d ,  a b o v e
e v e r y t h i n g  e l s e ,  l a c k  o f  r e s o u r c e s .

The  b r ie f  remarks  made above  abou t  soc io -psycho log ica l  and  soc ie ta l
l e v e l  e f f o r t s  f o r  c o m p a t i b i l i t y  o r  c o n g r u e n c e  p o i n t  o u t  t h a t  u n d e r l y i n g  a n y
t y p e  o f  d e c i s i o n - m a k i n g  a n d  i m p l e m e n t a t i o n  e f f o r t  i s  a  c o n f l i c t  m o d e l  t h a t
p o s t u l a t e s  h o w  p a t t e r n s  f o r  c o p i n g  w i t h  d e c i s i o n a l  s t r e s s  a r e  p r o c e s s e d  b y
b o t h  d e c i s i o n - m a k e r s  a s  w e l l  a s  a f f e c t e d  p a r t i e s . The  d issonance  o r  l ack  o f
congruence become, then, p a r t  o f  a  v a r i e t y  o f  c o p i n g  p a t t e r n s  i n  c o n f l i c t
r e s o l u t i o n , r a n g i n g  a l l  t h e  w a y  f r o m  u n c o n f l i c t e d  a d h e r e n c e  t o  d e f e n s i v e
a v o i d a n c e  ( s u c h  a s  p r o c r a s t i n a t i o n ,  s h i f t i n g  r e s p o n s i b i l i t y ,  o r  b o l s t e r i n g ) ;
t o ,  f i n a l l y , v i g i l a n c e  w h i c h  h a s  b e e n  d e f i n e d  i n  t h e  l i t e r a t u r e  a s  a  d i s c r i m -
i n a t i n g  s e a r c h  w i t h  o p e n - m i n d e d n e s s  i n v o l v i n g  a  s e r i o u s  e x a m i n a t i o n  o f  a l l
r i s k s  i n v o l v e d , i n c l u d i n g  t h e  b e l i e f  t h a t  e v e n t u a l l y  a  s a t i s f a c t o r y  s o l u t i o n
c a n  b e  f o u n d  a n d  t h a t  t h e r e  i s  s u f f i c i e n t  t i m e  f o r  s e a r c h  a n d  e v a l u a t i o n
be fo re  a  commi tment  to  a  par t i cu la r  po l i cy  i s  to  be  made.
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C o n f l i c t  r e s o l u t i o n ,  t h e r e f o r e , invo lves  a  very  e labora te  scheme beyond
and above  what  appears  on  the  sur face  as  a  s imp le  p rocess  o f  b r ing ing
t o g e t h e r  t h e  p r e c e p t s  o f  t h e  l a w  w i t h  t h e  d e s i r e s  o f  a f f e c t e d  p a r t i e s . In
a d d i t i o n , t h e r e  i s  a l s o  p o s t - d e c i s i o n a l  c o n f l i c t  w h i c h  a i m s  a t  u n d o i n g  o r
r e v e r s i n g  a  p a r t i c u l a r  d e c i s i o n  o r  p o l i c y . Thus ,  a  dec is iona l  c r i s is  may
appear  a t  even  a  la te r  s tage  hav ing  to  do  w i th  e i ther  the  e f fo r t  o f  undo ing
t h e  d e c i s i o n ; o r  a  c o m p r o m i s e  i n  t h e  f o r m  o f  p a r t i a l  i m p l e m e n t a t i o n ;  o r ,
r e a f f i r m a t i o n  o f  t h e  o r i g i n a l  d e c i s i o n  i f  t h e  c o n d i t i o n s  f o s t e r  t h r o u g h
p o l i t i c a l  m a n e u v e r i n g  a n  e v e n t u a l  a g r e e m e n t  w i t h  t h e  o r i g i n a l  p u r p o s e  o f
p o l i c y  a c t i o n  ( e s p e c i a l l y  i f  t h e  b e n e f i t s  t o  b e  d e r i v e d  a r e  f u r t h e r  e x p l i -
c a t e d  a n d  t h e  r i s k s  d o  n o t  s e e m  p a r t i c u l a r l y  p r o h i b i t i v e ) .

a

the

T h e  a b o v e  b r i e f  e x e r c i s e  i n t o  s o m e  b a s i c  c o n c e p t s  i n v o l v e d  i n  i d e n t i f y -
i n g  a  p a r t i c u l a r  p r o b l e m ,  d e v e l o p i n g  a l t e r n a t i v e s  a n d  i n  a s s e s s i n g  a n d
e v a l u a t i n g  s o l u t i o n s  c a n  s h o w  h o w  f a r - r e a c h i n g  a n d  d i f f i c u l t  a r e  t h e  s e t  o f
c i r c u m s t a n c e s  t h a t  a r e  a s s o c i a t e d  w i t h  t h e  i m p l e m e n t a t i o n  o f  a  g i v e n  p o l i c y
act ion. T h e s e  r e m a r k s  w i l l  b e  f u r t h e r  e l a b o r a t e d  w i t h  c o n c r e t e  e x a m p l e s  i n
Sec t ion  8 ,  where  an  a t tempt  i s  made to  ou t l i ne  the  p rocess  o f  imp lementa t ion
b y  c o n c e n t r a t i n g  o n  p r o b l e m s  a n d  c h a l l e n g e s  a s s o c i a t e d  w i t h  t h e  a t t r i b u t e s  o f
change and w i th  the  p rocess  o f  innovat ion , d i f f u s i o n  a n d  i m p l e m e n t a t i o n .

I t  i s  i m p o r t a n t ,  h o w e v e r , t o  r e t u r n  t o  t h e  b a s i c  p r e m i s e s  c h a r a c t e r i z -
i n g  t h e  q u e s t  f o r  i m p r o v e d  w a t e r  q u a l i t y . The  p remises  o f  the  p resen t  s tudy
and the  key  e lements  tha t  a re  d r i v ing  the  search  fo r  a  so lu t ion  emphas ize :
a )  a  b a s i c  p r e v e n t i v e  a p p r o a c h  ( e n f o r c e m e n t  a s  a n  e x c e p t i o n ) ;  b )  p u b l i c  p a r -
t i c i p a t i o n  a n d  i n v o l v e m e n t  ( v o l u n t a r y  c o m p l i a n c e  e m p h a s i s ) ;  c )  f l e x i b i l i t y
a n d  a d a p t a b i l i t y  ( s o l u t i o n s  b e i n g  s i t e - s p e c i f i c  a n d  c u l t u r a l l y  s e n s i t i v e ) ;
d )  t e c h n o l o g i c a l  e f f i c i e n c y  ( t e c h n i c a l l y  a p p r o p r i a t e  s o l u t i o n s ) ;  e )  o r g a n i -
z a t i o n a l  p r e p a r e d n e s s  a n d  i n t e r r e l a t i o n s h i p s  a m o n g  a l l  a f f e c t e d  p a r t i e s ;
and f) credibility and believability of proposed alternatives and strategies.

The  above  a re  on ly  some o f  the  cen t ra l  assumpt ions  tha t  can  serve  as
p h i l o s o p h i c a l  u n d e r p i n n i n g s  o f  t h e  s e a r c h  f o r  b u i l d i n g  i m p l e m e n t a b l e  s t r a t e -
g i e s  f o r  i r r i g a t i o n  r e t u r n  f l o w  c o n t r o l . I t  i s  i n  t h e  c o n t e x t  o f  s u c h  b r o a d
assumpt ions  tha t  we need,  then , t o  d e l i n e a t e  a n d  e v a l u a t e  a  c o n s i s t e n t
a p p r o a c h  f o r  r e a c h i n g  s h a r e d  g o a l s  o f  “ c l e a n e r  w a t e r . ”

The  key  p rob lem,  a t  th i s  moment ,  i s  to  incorpora te  in  a l l  the  above
d i m e n s i o n s ,  d i s c u s s i o n s  a n d  o b j e c t i v e s  a n d  i n  t h e  g e n e r a l  p a r a m e t e r s  o f  t h e
problem, a  s e t  o f  o p e r a t i o n a l  q u e s t i o n s  i n  o r d e r  t o  d e m o n s t r a t e  h o w  c o o p e r a -
t i o n  a n d  c o o r d i n a t i o n  t h r o u g h  a p p r o p r i a t e  s o l u t i o n s  c a n  b u i l d  i n t e g r a t e d
s t r a t e g i e s  o f  c h a n g e ;  o r ,  i n  t h e  s p i r i t  o f  F i g u r e  1 ,  h o w  w e  b r i n g  t o g e t h e r
problem, “ s o l u t i o n , ” p rocess  o f  imp lementa t ion , a n d  a d m i n i s t r a t i o n  w i t h  r e -
g a r d  t o  r e t u r n  f l o w  p r o b l e m s . T h e s e  o p e r a t i o n a l  q u e s t i o n s  e x e m p l i f y  i n  a
v e r y  s p e c i f i c  f o r m  t h e  e m p h a s i s  o f  t h e  p r e s e n t  r e s e a r c h  o n  t w o  d i f f e r e n t
l e v e l s . On the one hand, the  s tudy  i s  concerned  w i th  an  overa l l  scheme and
c o n c e p t u a l  i n t e g r a t i o n  o f  t h e  d i m e n s i o n s  o f  a n  i m p l e m e n t a t i o n  p r o c e s s .  O n
t h e  o t h e r  h a n d ,  w e  w a n t  t o  r e f e r  t o  s p e c i f i c  p r o b l e m a t i c  s i t u a t i o n s  i n  e a c h
of  the  case  s tudy  a reas  p roposed. What  we have,  then ,  a re  ques t ions  o f
r e s e a r c h  p r o c e d u r e  d e a l i n g  w i t h  t h e  d i m e n s i o n s  o f  “ t h e  s o l u t i o n , ”  t h r o u g h
some genera l  theore t i ca l  d i scuss ion  o f  how one  a r r i ves  a t  some fo rm o f
“ o p t i m u m  f i t . ” A t  t h e  o t h e r  e n d , p r a g m a t i c  q u e s t i o n s  a n a l y z e  s p e c i f i c
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p a r a m e t e r s  o f  a  c o n c r e t e  p r o b l e m  s i t u a t i o n . T o  a v o i d  f u r t h e r  a b s t r a c t  e l a b -
o r a t i o n , k e y  q u e s t i o n s  i n c l u d e :

1. Quest ions of  Research Procedure

“SOLUTION:” General

I d e n t i f y  p r o c e d u r e s  f o r  a r r i v i n g  a t  t h e  m o s t  p r e f e r r e d
c o u r s e  o f  a c t i o n  ( c o m b i n a t i o n  o f  t e c h n i c a l  a n d  i n s t i t u -
t i o n a l  a l t e r n a t i v e s ) .

S p e c i f i c

I d e n t i f y  s p e c i f i c  s i t u a t i o n a l  p o i n t s  ( s o l u t i o n s )  i n  e a c h
case s tudy  area .

IMPLEMENTATION.
PROCESS: General

D e s c r i b e  t h e  b a s i s  o f  t h e  t h e o r y  o f  i n n o v a t i o n - d i f f u s i o n ,
t h e  n a t u r e  o f  t h e  f i t  o f  t h e  s o l u t i o n ,  a n d  t h e  p r o c e s s  o f
p u b l i c  p a r t i c i p a t i o n .

S p e c i f i c

D e l i n e a t e  i n  e a c h  a r e a  t h e  f e e d b a c k ,  o r g a n i z a t i o n s  t h a t
can  be  used  fo r  imp lementa t ion ,  channe ls  o f  commun ica t ion ,
e t c .

2. Pragmat ic  Ques t ions .

Whi le  the  above  have  to  do  w i th  a  more  o r  less  abs t rac t  approach ,
p r a g m a t i c  q u e s t i o n s  c o n c e n t r a t e  o n  p o t e n t i a l  c o u r s e s  o f  a c t i o n .  W h i l e
s u c h  q u e s t i o n s  a r e  a l s o  c o n c e r n e d  w i t h  t h e  l a w ,  t h e  r e c i p i e n t s  a n d  t h e
f e a s i b l e  s o l u t i o n , t h e i r  e m p h a s i s  i s  o n  “ w h a t  n e x t , "  o r  w h a t  s p e c i f i c
ins ights  have we ga ined. Central among them are:

.  Should the law be changed?

.  Shou ld  the  admin is t ra t ion  o f  the  law be  changed?

. If yes, how? (For example, b y  r e i n t e r p r e t i n g  w h a t  p r o p e r  p r o v i s i o n s
o f  t h e  l a w  a r e  c o n d u c i v e  t o  i r r i g a t e d  a g r i c u l t u r e . )

.
What do people prefer?

.  W h a t  i s  t h e  c o m p a t i b i l i t y  b e t w e e n  t h e  p e o p l e ’ s  p r e f e r e n c e s  a n d  t h e
law? ( S u c h  a s  t h e  d e g r e e  o f  t h e i r  r e l a t i o n s h i p ,  t h e  e x t e n t  o f
communicat ion, s e n s i t i v i t y  t o  m u t u a l  d e m a n d s ,  e t c . )

l  R e c o g n i z i n g  t h a t  t h e r e  a r e  m e a n s  f o r  r e d u c i n g  i r r i g a t i o n  r e t u r n  f l o w ,
how does one implement the solut ions? ( W h a t  a r e ,  e . g . ,  t h e  s p e c i f i c
s t e p s  f o r  a  t i m e l y  a n d  o r d e r l y  t r a n s i t i o n  t o  n e w  r e q u i r e m e n t s ? )

C e r t a i n l y , i t  i s  i m p o s s i b l e  t o  a n s w e r  i n  a n  e x a c t  f o r m  a l l  s u c h  r e a l i s -
t i c  a n d  e v e r y d a y  q u e s t i o n s  c o n c e r n i n g  i m p l e m e n t a t i o n  o f  l e g a l  r e q u i r e m e n t s .
A t  t h i s  p o i n t , and  w i thou t  e labora t ing  in  advance  a  longer  a rgument ,  our
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c o n t e n t i o n  i s  t h a t  i t  i s  n o t  t h e  l a w  t h a t  n e e d s  t o  b e  c h a n g e d ,  b u t  i t s
a d m i n i s t r a t i o n ,  p a r t i c u l a r l y  t h r o u g h  r e i n t e r p r e t a t i o n ,  c a r e f u l  t e s t i n g  i n
s p e c i f i c  c a s e s , and gradual  process of  change.

P e r h a p s  i t  i s  a p p r o p r i a t e  a t  t h i s  p o i n t  t o  t u r n  b a c k  a n d  u n d e r l i n e  t h e
i s s u e s  r a i s e d  i n  t h e  p r e v i o u s  p a g e s . The  essence  o f  ou r  a rgument  i s  the  es -
t a b l i s h m e n t  o f  a  “ f i t ”  b e t w e e n  t h e  l a w  a n d  t h e  r e c i p i e n t s  o f  t h a t  l a w .  T h u s ,
a “ s o l u t i o n ’ s ”  p u r p o s e  i s  t o  i n t e g r a t e  t h e  l a w  w i t h  t h e  r e c i p i e n t s ’  d e s i r e s
t h r o u g h  a p p r o p r i a t e  i n s t i t u t i o n a l  l i n k a g e s .

A n o t h e r  w a y  o f  l o o k i n g  a t  t h e  a p p r o a c h  o f  t h e  s t u d y  i s  t h r o u g h  a n  e v o l v -
ing assessment process summarized in Figure 3. T h e  k e y  e l e m e n t  i n  t h i s  p a r -
t i c u l a r  f i g u r e  h a s  t o  d o  w i t h  t h e  s e a r c h  f o r  a  b a l a n c e d  d e c i s i o n  t h a t  w o u l d
p r o v i d e  t h e  b e s t  s o l u t i o n  ( “ a p p r o p r i a t e  s o l u t i o n ” )  t o  t h e  d i s s a t i s f a c t i o n
f r o m  a g r i c u l t u r a l  p o l l u t i o n  ( a s  m a n d a t e d  b y  t h e  l a w  o r  b e c o m i n g  a p p a r e n t  i n
the  sur round ing  env i ronment ) .

B y  u s i n g  t h i s  t y p e  o f  a n  a p p r o a c h  a n d  t h r o u g h  c o n t i n u o u s  i n t e r a c t i o n
among members of the research team, a  c o n s e n s u s  a s  t o  c r i t i c a l  f i n d i n g s  h a s
been es tab l i shed. The  concern  th roughou t  the  conduc t  o f  the  s tudy  has  been
t o  p r o v i d e  c o n c r e t e  v a l i d a t i o n  o f  t h e  t h e o r e t i c a l  p r o c e s s e s  d e s c r i b e d  a b o v e ,
and, a t  the  same t ime, t h r o u g h  i n t e r a c t i o n  b o t h  w i t h i n  t h e  t e a m  a s  w e l l  a s
w i t h  w a t e r  u s e r s  i n  t h e  p a r t i c u l a r  a r e a s  o f  c o n c e r n ,  r e l a t e  t o  a c t u a l  c i r -
c u m s t a n c e s  t h e  c r i t i c a l  f i n d i n g s  c o n c e r n i n g  s o l u t i o n s ,  c o n s t r a i n t s  t o
imp lementa t ion , a n d  t h e  b a s i s  f o r  d e v e l o p i n g  s t r a t e g i e s  f o r  c o n t r o l l i n g
i r r i g a t i o n  r e t u r n  f l o w .

The p rob lem does  no t  res ide  exc lus ive ly  on  the  de te rmina t ion  o f  an
“ a p p r o p r i a t e  s o l u t i o n , ” a l t h o u g h  t h e  l a s t  h a s  b e e n  a  c e n t r a l  p o i n t  i n  f i n d -
i n g  o u t  w h a t  r e a l l y  c a n  b e  d o n e  t o  c o m m u n i c a t e  e f f e c t i v e l y  t h e  s p i r i t  o f  t h e
l a w  w i t h  r e g a r d  t o  p r o b l e m a t i c  s i t u a t i o n s  i n  a  v a r i e t y  o f  c a s e s  i n  t h e
w e s t e r n  U n i t e d  S t a t e s . T h e  c o n c e r n  b e g i n s  w i t h  t h e  p r o c e s s  o f  a r r i v i n g  a t
a p p r o p r i a t e  s o l u t i o n s ,  i n  a s s e s s i n g  i n  a n  i n t e r d i s c i p l i n a r y  m a n n e r  a l t e r n a -
t i v e s , a n d  i n  o u t l i n i n g  t h e  s t e p s  f o r  a n  e v e n t u a l  p r o c e s s  o f  i m p l e m e n t a t i o n
o f  w h a t e v e r  i s  t h e  a g r e e d - u p o n  “ s o l u t i o n ”  o r  p r o g r a m .

I t  i s  i m p o r t a n t  t o  u n d e r s c o r e  a g a i n  t h e  c e n t r a l i t y  o f  t h e  s e a r c h  f o r  a n
“ a p p r o p r i a t e ”  o r “ b a l a n c e d ”  s o l u t i o n . A key element and assumpt ion of  the
s t u d y  h a s  b e e n  t h a t  s u c h  a  d e s i r e d  “ a p p r o p r i a t e ” so lu t ion  can  be  reached by
c o n s i d e r i n g  t h r o u g h  a n  i n t e r d i s c i p l i n a r y  a n a l y s i s  a  v a r i e t y  o f  f a c t o r s  t h a t
b r i n g  t o g e t h e r  w h a t  i s  t e c h n i c a l l y  s o u n d ,  e c o n o m i c a l l y  v i a b l e ,  l e g a l l y  p e r -
t i n e n t , s o c i a l l y  a c c e p t a b l e ,  a n d ,  f i n a l l y , w h a t  i s  p o l i t i c a l l y  f e a s i b l e  o r
implementable. Th is  search  fo r  the  combina t ion  o f  a  w ide  spec t rum o f  cond i -
t i o n s  l e a d i n g  t o  t h e “ a p p r o p r i a t e  s o l u t i o n ” i s  a r t i c u l a t e d  i n  t h e  c a t e g o r i e s
o f  F i g u r e  4 .

I n  t h e  p r e s e n t  s t u d y ,  w e  c o n s i d e r e d  s u c h  c r i t e r i a  i n  a n  a b s t r a c t  a s  w e l l
a s  i n  a  p r a c t i c a l  f o r m  ( t h e o r e t i c a l l y  a s  w e l l  a s  t h r o u g h  f i e l d  e x p e r i e n c e )  i n
o r d e r  t o  r e a c h  w h a t  i s  a  b a l a n c e d  s o l u t i o n  g i v e n  c e r t a i n  t e c h n i c a l ,  l e g a l  a n d
s o c i o - e c o n o m i c  c o n d i t i o n s  ( F i g u r e  5 ) .
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> LEGISLATION -

Y

DISSATISFACTION =

INFORMATION

ASSESSMENT
a l t e r n a t i v e s

EVALUATION

[ A p p r o p r i a t e
S o l u t i o n ]

l

Reeva lua t ion I

changes to the environment I

F igure  3 . B u i l d i n g  t h e  b a s i s  f o r  i m p l e m e n t a t i o n .
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APPROPRIATE SOLUTION

I

T e c h n o l o g i c a l l y  p r a c t i c a b l e

- T e c h n i c a l l y
sound

L o n g - t e r m  b e n e f i t s  v s .  s h o r t - t e r m  g a i n s

Eco log ica l l y  non-damag ing

Economica l l y  ach ievab le

-Economica l l y
v i a b l e

P r o v i d i n g  e f f i c i e n t  r e s o u r c e  a l l o c a t i o n

Promot ing e q u i t a b l e  d i s t r i b u t i o n

P r o t e c t s  v e s t e d  r i g h t s  ( d u e  p r o c e s s )

C o m p l i e s  w i t h  l e g a l  c r i t e r i a  i n  s u b s t a n t i v e  l a w

L e g a l l y
p e r t

Compl ies  w i th  admin is t ra t i ve  p rocedures

Promotes  bene f i c ia l  use  concep t

l s  c h a r a c t e r i z e d  b y  f l e x i b i l i t y  &  p r e d i c t a b i l i t y

C o n g r u e n t  w i t h  c u r r e n t  p r a c t i c e s

 c o n t e x t
S o c i a l l y

C o n s i s t e n t  w i t h i n  c u l t u r a l

accep tab le Compatible with organizational i o n a l  s t r u c t u r e

L Cor respond ing  w i th  des i res  o f  peop le

C o m p a t i b i l i t y  o f  i n t e r e s t s  ( l o c a l / r e g i o n a l / n a t i o n a l )

- tP o l i t i c a l l y
E s t a b l i s h e s p r i o r i t y  o f  p r o b l e m s

f e a s i b l e Compares  sever i ty , i n t e n s i t y  a n d  m a g n i t u d e  o f
p o t e n t i a l  e f f e c t s

Aims at constituency satisfaction

F igure  4 . K e y  c h a r a c t e r i s t i c s  o f  a n  a p p r o p r i a t e  s o l u t i o n .

21



Feedback and
Ana l ys i s

A p p r o p r i a t e - - R e a s o n a b l e
S o l u t i o n S o l u t i o n

( T e c h n i c a l  \ ( P o l i t i c a l
+ \ +

I n s t i t u t i o n a l )  \ Socioeconomic)
\

\
\

\
\

\
\

\
\

\
\

\
\

Y
F e a s i b l e
S o l u t i o n

Process  o f  Imp lementa t ion

Accep tab le  So lu t ion

F i g u r e  5 . T h e  s e a r c h  f o r  a c c e p t a b l e  s o l u t i o n s .
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W h a t  t h e  a b o v e  i m p l y  i s  t h a t  i n  s t u d y i n g  t h e  t e c h n i c a l  a n d  i n s t i t u t i o n a l
c o n d i t i o n s  o f  a  g i v e n  p r o b l e m  a r e a , a n  a p p r o p r i a t e  s o l u t i o n  ( t h r o u g h  i n t e r -
d i s c i p l i n a r y  a n a l y s i s )  m a y  e v o l v e . However, t h a t  g e n e r a l l y  o r  t h e o r e t i c a l l y
a r r i v e d - a t  a p p r o p r i a t e  s o l u t i o n  m u s t  b e  i m b e d d e d  i n  a  p o l i t i c a l  a n d  s o c i o -
e c o n o m i c  c o n t e x t  i n  o r d e r  f o r  t h a t  s o l u t i o n  t o  b e  a  “ r e a s o n a b l e ”  o n e  c o m -
p a r e d  t o  c o m b i n a t i o n s  o f  o t h e r  s o l u t i o n s  o r  p r o g r a m  s t r a t e g i e s . A t  t h i s
p o i n t , t h r o u g h  a n  a s s e s s m e n t  a n d  e v a l u a t i o n  p r o c e d u r e ,  a  “ f e a s i b l e  s o l u t i o n ”
can be considered. T h i s  s o l u t i o n  i s  i n t r o d u c e d  i n t o  t h e  s o c i a l  s y s t e m  v i a  a
dynamic  p rocess  o f  imp lementa t ion , w h i c h  w h e n  i n s t i t u t i o n a l i z e d  b e c o m e s  t h e
“ a c c e p t a b l e  s o l u t i o n ” t o  t h e  o r i g i n a l  p r o b l e m  o f  r e t u r n  f l o w  q u a l i t y  c o n t r o l .

I n  o r d e r  t o  f u r t h e r  e x p l i c a t e  t h i s  a p p r o a c h  a n d ,  a t  t h e  s a m e  t i m e ,  s u m -
m a r i z e  t h e  c e n t r a l  a r g u m e n t  o f  o u r  s t u d y , the  key  d imens ions  shown in  F igure
6 may be used. I n  t h i s  s u m m a r i z i n g  f i g u r e ,  t h e  s e q u e n c e  o f  t h e  s t u d y
approach invo lves :

a . s e t t i n g  t h e  s t a g e ,  b o u n d i n g  t h e  p r o b l e m  a n d  c o n s i d e r i n g  p o t e n t i a l
s o l u t i o n s ;

b. a r r i v i n g  a t  a p p r o p r i a t e  s o l u t i o n s  a n d  d e t e r m i n i n g  a l t e r n a t i v e
s t r a t e g i e s ;  a n d

C. b u i l d i n g  t h e  b a s i s  f o r  i m p l e m e n t a t i o n  a n d  f a c i l i t a t i n g  t h e  a c c e p t -
a n c e  o f  a p p r o p r i a t e  s o l u t i o n s .

F i g u r e  6  o u t l i n e s  a l s o  p a r t i c u l a r  a s p e c t s  o r  d i m e n s i o n s  i n  e a c h  o f  t h e
above phases. Each o f  these  subd imens ions  has  been in tens ive ly  ana lyzed as
p a r t  o f  t h e  d e s i r e d  i n t e r d i s c i p l i n a r y  s y n t h e s i s  a i m e d  a t  b u i l d i n g  t h e  b a s i s
f o r  i m p l e m e n t i n g  a  g i v e n  s o l u t i o n  ( o r ,  f o r  r e l a t i n g  a p p r o p r i a t e  t o  a c c e p t a b l e
“ s o l u t i o n s ” ) . I n  a d d i t i o n , F i g u r e  6  u n d e r s c o r e s  t h e  i t e r a t i v e  s t e p s ,  i n v o l v e d
in  such  a  p rocess . I n  i m p l e m e n t i n g  a n  a p p r o p r i a t e  s o l u t i o n  ( i n  m a k i n g  i t
a c c e p t a b l e ) , mon i to r ing  and  feedback  may  a l l ow the  p rob lems to  be  rede f ined
( r e e x a m i n e  t h e  s t a g e ,  c r i t i c a l  v a r i a b l e s , l a w ,  o r  a f f e c t e d  p a r t i e s ) ;
a p p r o p r i a t e n e s s  o f  t h e  s o l u t i o n  t o  b e  q u e s t i o n e d  ( e s p e c i a l l y  w i t h  r e g a r d  t o
t r a d e - o f f s  a n d  l o c a l  s e n s i t i v i t y ) ; a n d  t h e  a c c e p t a b i l i t y  o f  t h e  p r o p o s e d
s o l u t i o n  t o  b e  r e e x a m i n e d  i n  t e r m s  o f  t h e  d e g r e e  o f  l o c a l  i n v o l v e m e n t ,  a v a i l -
a b i l i t y  o f  i m p l e m e n t a t i o n  m e c h a n i s m s  a n d  c o o r d i n a t i o n  b e t w e e n  a l l  r e s p o n s i b l e
agenc ies .

In summary, t h e  p r o c e s s  o f  i m p l e m e n t a t i o n  b r i n g s  t o g e t h e r  t h e  o b j e c t i v e s
o f  t h e  l a w  a n d  t h e  d e s i r e s  o f  t h e  r e c i p i e n t s  i n  a  c o m p a t i b l e ,  c o m p l e m e n t a r y
and  nego t ia ted  scheme whose  u l t ima te  a im i s  the  p roper  so lu t ion  o f  p rob lems
o f  p o l l u t i o n  a n d  i r r i g a t i o n  r e t u r n  f l o w .

The  essence  o f  the  approach  deve loped  i s  tha t  the  p rob lem requ i res  con-
s i d e r a t i o n  o f  a  n u m b e r  o f  a l t e r n a t i v e s  l e a d i n g  t o  s o m e  s o l u t i o n . The process
o f  i m p l e m e n t a t i o n  b r i n g s  t o g e t h e r  p r o b l e m s  a n d  s o l u t i o n s ,  a s  w e l l  a s  a n
a s s e s s m e n t  o f  t h e  v a r i o u s  a l t e r n a t i v e  s t r a t e g i e s . Th is  p rocess  is  based on
a  j u x t a p o s i t i o n  o f  a  s e t  o f  a s s u m p t i o n s  a n d  o f  r e l a t e d  p r o g r a m s  a s  o u t l i n e d
i n  t h e  f o l l o w i n g  m a n n e r :
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Assumptions Examples of
I n t e r v e n t i o n

Program

-  I m p r o v e d  A g r i c u l t u r a l
P r a c t i c e s

+

- Improved Water Management

+

- Public Acceptability

* Incentives
*Market
mechanisms

‘Legal
enforcement

* C e n t r a l i z e d
demands

‘ E t c .

-  Best Management Pract ices

+

- Public Mobilization

The key problem  i n  t h i s  s t u d y  w a s  n o t  s o  m u c h  t h e  r e p e t i t i o n  o f  t h e
c o n d i t i o n s  i n  t h e a r e a s  o f  c o n c e r n  t h a t  m a y  h a m p e r  o r  f a c i l i t a t e  p o t e n t i a l

-  B e s t  A g r i c u l t u r a l
P r a c t i c e s

+

change and  imp lementa t ion  o f  new techno log ies  (a l though th is  i s  a  necessary
p a r t  o f  t h e  p r o b l e m ) ; b u t ,  t h e  f o c u s i n g  u p o n  v e r y  s p e c i f i c  s t r a t e g i e s -  a n d
t a c t i c s  r e q u i r e d  f o r  a  d y n a m i c  p r o c e s s  o f  e f f e c t i n g  c h a n g e . The  impor tan t
a s p e c t  i s  t o  d e v e l o p  a  p a r a d i g m  a s  t o  h o w  s p e c i f i c  f e a t u r e s  o f  a n  i m p l e -
menta t ion  p rocess  can  be  ou t l i ned  and ,  a t  the  same t ime ,  fo rmu la te  a  par -
t i c u l a r  p l a n  f o r  i m p r o v i n g  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  i n  a r e a s  o f
concern.

PHASES OF RESEARCH

T h e  p r e v i o u s  d i s c u s s i o n  p o i n t s  o u t  t h a t  t h e  c e n t r a l  p r o b l e m  i n  t h e  s t u d y
w a s  t h e  e v a l u a t i o n  o f  p o t e n t i a l  s t r a t e g i e s  i n  b u i l d i n g  t h e  b a s i s  f o r  t h e
i m p l e m e n t a t i o n  o f  a  v a r i e t y  o f  i n s t i t u t i o n a l  a r r a n g e m e n t s  t h a t  m a k e  p o s s i b l e
e f f e c t i v e  u t i l i z a t i o n  o f  t e c h n o l o g i e s  f o r  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n -
t r o l  ( I R F Q C ) . IRFQC is  seen pr imar i l y  as  par t  o f  a  dynamic  p rocess  invo lv ing
d e s c r i p t i o n  o f  t h e  p r o b l e m  s i t u a t i o n ; a n a l y s i s  o f  t e c h n o l o g i c a l  a n d  i n s t i t u -
t i o n a l  a l t e r n a t i v e s ; a s s e s s m e n t  a n d  e v a l u a t i o n  o f  c o m b i n a t i o n s  o f  s o l u t i o n s ;
a n d  d e f i n i t i o n  o f  t h e  b a s i s  f o r  a n  i m p l e m e n t a t i o n  p r o c e s s  w h i c h  m a y  l e a d  t o
the  accomp l i shment  o f  s ta ted  goa ls . Thus ,  the  research  revo lves  a round  four
major  phases:

a. sys temic  mapp ing  o r  p rob lem descr ip t ion ;

b. i d e n t i f i c a t i o n  o f  p o t e n t i a l  s o l u t i o n s  o r  g e n e r a t i o n  o f  a l t e r n a t i v e s ;

C. a s s e s s m e n t  a n d  e v a l u a t i o n  o f  p o t e n t i a l  s o l u t i o n s ;  a n d

d. t h e  b u i l d i n g  o f  t h e  b a s i s  f o r  i m p l e m e n t a t i o n .

The  overa l l  approach  and  the  s teps  o f  the  un fo ld ing  p rocess  a re  sum-
m a r i z e d  i n  F i g u r e  7 . A r o u n d  t h e s e  g e n e r a l  c a t e g o r i e s  o f  c o n c e r n ,  t h e  f o l l o w -
i n g  s p e c i f i c  f o u r  p h a s e s (which also head
become the guiding principles  o f  t h e  s p e c i f i c
c o n s i d e r a t i o n  t h r o u g h o u t t h e  s t u d y .
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1. S y s t e m i c  m a p p i n g ,  o r  p r o b l e m  d e s c r i p t i o n .  A n  i n i t i a l  p a r t  o f  t h e
s t u d y  w a s  d e v o t e d  t o  a  s p e c i f i c  p r o b l e m  f o r m u l a t i o n . T h i s  i n v o l v e d  a
de l inea t ion  o f  phys ica l  and  soc io -economic  c i rcumstances  in  each  geo-
g raph ic  a rea  o f  concern , d e t e r m i n a t i o n  o f  s e v e r i t y  a n d  i n t e n s i t y  o f
q u a l i t y  r e t u r n  f l o w  p r o b l e m s , and perceived need for change. U t i l i z -
i n g  p r e d o m i n a n t l y  e x i s t i n g  d a t a  a n d  s e r i e s  o f  s i t e  v i s i t s ,  t h e  i n t e r -
d i s c i p l i n a r y  t e a m  p r o v i d e d  a  d e l i n e a t i o n  o f  c r i t i c a l  v a r i a b l e s  t h r o u g h
a  d e s c r i p t i o n  o f  p h y s i c a l ,  t e c h n i c a l ,  e c o n o m i c ,  l e g a l ,  a n d  s o c i a l
d i m e n s i o n s  c h a r a c t e r i z i n g  t h e  s u r r o u n d i n g  “ e n v i r o n m e n t ”  o f  t h e  a r e a s
under  examinat ion .

2. G e n e r a t i o n  o f  a l t e r n a t i v e s , o r  i d e n t i f i c a t i o n  o f  p o t e n t i a l  s o l u t i o n s .
W i t h  t h e  e s t a b l i s h m e n t  o f  a  r e a l i s t i c  b a c k g r o u n d  h a v i n g  t o  d o  w i t h  c o n -
c r e t e  d a t a  a n d  p r o b l e m a t i c  s i t u a t i o n s  i n  a r e a s  o f  c o n c e r n ,  a  n e x t  p h a s e
i n v o l v e d  t h e  i d e n t i f i c a t i o n  a n d  a n a l y s i s  o f  v a r i o u s  t e c h n i c a l  a n d  i n s t i -
t u t i o n a l  s o l u t i o n s  t o  p r o b l e m s  o f  w a t e r  q u a l i t y  c o n t r o l . Th is  phase  o f
r e s e a r c h  i n c o r p o r a t e d  t e c h n i c a l  d e s i g n  r e q u i r e m e n t s ,  t h e  e c o n o m i c  v i a -
b i l i t y  o f  p r o p o s e d  t e c h n i c a l  s o l u t i o n s , i n s t i t u t i o n a l  a l t e r n a t i v e s ,  a n d
t h e  s o c i o - p o l i t i c a l  c o n s i d e r a t i o n s  w h i c h  a r e  n e c e s s a r y  f o r  c h o i c e s  a m o n g
t e c h n i c a l - i n s t i t u t i o n a l  a l t e r n a t i v e s  a n d  s o l u t i o n s  o f  t h e  p r o b l e m  a t
hand. A t  the  same t ime, a  number  o f  i n i t i a l  sc reen ing  mechan isms were
es tab l i shed by  concent ra t ing  on  such  d imens ions  as :

iona. t h e  t y p e s  o f  p o t e n t i a l  p r o j e c t  i n t e r v e n t i o n  ( s u c h  a s  t h e  c o m b i n a t
o f  h a r d w a r e  a n d  s o f t w a r e  s o l u t i o n s ) ;

b. the def in i t ion of  system boundaries and funct ions (such as communi-
t i e s  a f f e c t e d , s e r v i c e s  p r o v i d e d ,  g o a l s  t o  b e  a c h i e v e d ,  e t c . ) ;  a n d

C. t e c h n i c a l  d e s i g n  r e q u i r e m e n t s  ( e s p e c i a l l y  t h e  e x p l i c a t i o n  o f
a p p r o p r i a t e  t e c h n o l o g i c a l  i n n o v a t i o n s ) .

3. A s s e s s m e n t  o f  p o t e n t i a l  s o l u t i o n s . This phase was concerned with
t h e  s e l e c t i o n  a n d  a s s e s s m e n t  o f  f e a s i b l e  a l t e r n a t i v e s  w i t h i n  t h e  f r a m e -
w o r k  o f  g o a l s  a n d  p o l i c i e s , a n d  w i t h  a p p r o p r i a t e  s t r a t e g i e s  f o r  c o n s i d -
e r i n g  a  p o t e n t i a l  i m p l e m e n t a t i o n  o f  c h o s e n  a l t e r n a t i v e s . I n  p a r t i c u l a r ,
t h i s  p h a s e  p r o v i d e d  t h e  b a s i s  f o r  c r i t i c a l  a s s e s s m e n t  o f  t h e  t o t a l  s y s -
t e m  e f f e c t s  a n d  c r i t e r i a  f o r  w e i g h t i n g  a l t e r n a t i v e s  f o r  p r o b l e m  s o l u t i o n .
I t  i s  a t  t h i s  p a r t i c u l a r  p h a s e  t h a t  t h e  a s s e s s m e n t  o f  p o t e n t i a l  s o l u t i o n s
p r o v i d e d  a l s o  t h e  p o s s i b i l i t y  f o r  d i r e c t  c o n t a c t  w i t h  d e c i s i o n - m a k e r s  a n d
w a t e r  u s e r s  a t  v a r i o u s  l e v e l s  f o r  p r o j e c t  a r e a s  t h a t  s e r v e d  a l s o  a s
c o n f i r m a t i o n  o f  t h e o r e t i c a l l y  c o n c e i v e d  a l t e r n a t i v e s . The key problem
w a s  t o  e x p l i c a t e  t h e  n e e d  f o r  a  m e e t i n g  g r o u n d  t h a t  w o u l d  p e r m i t  a l l
a f f e c t e d  p a r t i e s  t o  e x p r e s s  t h e i r  u n c o n s t r a i n e d  o p i n i o n s  a s  t o  t h e
n a t u r e  a n d  f e a s i b i l i t y  o f  t h e  p r o p o s a l s  f o r  p r o b l e m  s o l u t i o n  w h i c h  w e r e
s e t  w i t h i n  c e r t a i n  e s t a b l i s h e d  s t a n d a r d s  f o r  q u a l i t y  r e t u r n  f l o w s .

4. B u i l d i n g  t h e  b a s i s  f o r  i m p l e m e n t a t i o n . T h i s  l a s t  p h a s e  c o n s t i t u t e d
a  c o r e  a r g u m e n t  t h a t  b y  n e c e s s i t y  h a d  t o  r e m a i n  r a t h e r  t h e o r e t i c a l .
Th is  phase  concen t ra ted  on  some in i t i a l  remarks  as  to  the  management  o f
i m p l e m e n t a t i o n  e f f o r t s ; t h e  d e s i g n i n g  o f  a p p r o p r i a t e  s t e p s  f o r  e f f e c t i v e
i m p l e m e n t a t i o n  a s  w e l l  a s  t h e  t i m i n g  o f  c h a n g e ;  a n d ,  f i n a l l y ,  o n  a
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r e c a p i t u l a t i o n  o f  t h e  d y n a m i c  c h a r a c t e r  o f  t h e  p r o c e s s  o f  i m p l e m e n t a t i o n
w h i c h  b e g i n s  e x a c t l y  w i t h  t h e  s t e p s  o u t l i n e d  a b o v e ,  i . e . ,  w i t h  a  d e -
t a i l e d  d e s c r i p t i o n  o f  t h e  n a t u r e  o f  t h e  p r o b l e m  a n d  t h e  i d e n t i f i c a t i o n
a n d  a s s e s s m e n t  o f  p o t e n t i a l  s o l u t i o n s  t h r o u g h  a l l  a f f e c t e d  p a r t i e s .

Look ing  back  a t  the  fou r  ma jo r  phases  tha t  charac te r i ze  the  genera l
r e s e a r c h  a n d  w h i c h  w e r e  a l s o  t h e  g u i d i n g  l i n e s  f o r  a  d e t a i l e d  e x a m i n a t i o n  o f
each case s tudy , one  shou ld  underscore  the  sequent ia l  scheme o f  a  p rogress ive
b u t  m u t u a l l y  r e i n f o r c i n g  c y c l e  o f  p r o b l e m  d e s c r i p t i o n ,  i d e n t i f i c a t i o n  o f
p o t e n t i a l  s o l u t i o n s , assessment  and  bu i ld ing  the  bas is  fo r  imp lementa t ion .
T h u s ,  b y  d e t e r m i n i n g  t h e  b a s i c  p h y s i c a l ,  e c o n o m i c ,  l e g a l ,  a n d  s o c i a l  c o n d i -
t i o n s  w h i c h  c o n t r i b u t e  t o  t h e  p r o b l e m  o f  w a t e r  q u a l i t y  d e g r a d a t i o n ,  i t  b e -
c o m e s  p o s s i b l e  t o  d e v e l o p  s o l u t i o n s  t h a t  d e a l  w i t h  a  c o m b i n a t i o n  o f  c a u s a t i v e
f a c t o r s , ra ther  than  by  mere ly  re fe r r ing  to  symptoms. G i v e n  t h e  t h r u s t  o f
t h i s  r e s e a r c h , the  emphas is  th roughout  res ts  on  the  assessment  o f  po ten t ia l
s o l u t i o n s  t h r o u g h  f i e l d  a s s e s s m e n t  i n  o r d e r  t o  a r r i v e  a t  a  c o n c e n s u s  o f  p a c k -
a g e s  o f  a p p r o p r i a t e  s o l u t i o n s ; eva lua t ion  o f  accep tab le  approaches ;  and ,
f i n a l l y , o n  t h e  b u i l d i n g  o f  a  c r e d i b l e  p r o c e s s  o f  i m p l e m e n t a t i o n  t h r o u g h  a
c o m b i n a t i o n  o f  w h a t  i s  t h e o r e t i c a l l y  s o u n d ,  r e a l i s t i c a l l y  p r a c t i c a b l e ,  a n d
s o c i o - e c o n o m i c a l l y  a t t a i n a b l e . I n  t h i s  r e g a r d , w e  a r e  a l s o  d e s c r i b i n g  a
process  o f “ s p e c i f i c a t i o n ” w i th  a  number  o f  assoc ia ted  concepts ,  such  as
summarized in Figure 8.

Throughout  the  s tudy , i t  w a s  a s s u m e d  t h a t  f o l l o w i n g  t h e  i d e n t i f i c a t i o n
o f  p o t e n t i a l  s o l u t i o n s  f o r  r e t u r n  f l o w  q u a l i t y  p r o b l e m s ,  a p p r o p r i a t e  s o l u t i o n s
wou ld  be  more  o r  l ess  accep tab le  (and  thus  imp lementab le ) ,  depend ing  on  the i r
i m p a c t s  o n  t h e  a f f e c t e d  p a r t i e s . F ie ld  assessment  p rocedures  were  dev ised  to
d e t e r m i n e  t e c h n i c a l ,  e c o n o m i c ,  p o l i t i c a l , a n d  s o c i a l  a c c e p t a b i l i t y  o f  a l t e r -
n a t i v e  s o l u t i o n s . These procedures  invo lved  assessment  and  eva lua t ion  by :
a )  t h e  p r o j e c t  t e a m ; b )  s t a t e  a n d  f e d e r a l  a g e n c y  p e r s o n n e l ;  c )  i r r i g a t i o n
water management; and  d )  water  users . T h e  f i e l d  a s s e s s m e n t  o f  p o t e n t i a l
s o l u t i o n s  p r o v i d e d  a  r e a l i s t i c  b a c k d r o p  a g a i n s t  w h i c h  f u r t h e r  s h a r p e n i n g  o f
t h e  r a n g e  o f  a l t e r n a t i v e s , the i r  advantages  and d isadvantages ,  cou ld  be
pursued.

T h e  f i e l d  a s s e s s m e n t  o f  p o t e n t i a l  s o l u t i o n s ,  b e i n g  s u c h  a  c e n t r a l  p o i n t ,
n e e d s  a  b i t  o f  f u r t h e r  e l a b o r a t i o n  s i n c e  i t  b e c a m e  a  c e n t r a l  f e a t u r e  o f  t h e
a n a l y s i s  o f  m a t e r i a l  i n  t h e  c a s e  s t u d i e s . A  f i r s t  e v a l u a t i o n  w a s  c o n d u c t e d
b y  t h e  p r o j e c t  t e a m . Composed as  i t  was  o f  eng ineers ,  economis ts ,  soc io lo -
g i s t s , and an  a t to rney , t h e  t e a m  w a s  a b l e  t o  j u d g e  a l t e r n a t i v e  s o l u t i o n s  i n
t e r m s  o f  t h e  c r i t e r i a  o f  g e n e r a l  t e c h n i c a l ,  e c o n o m i c ,  l e g a l ,  a n d  s o c i a l
f e a s i b i l i t y  ( a l o n g  t h e  c h a r a c t e r i s t i c s  s u g g e s t e d  i n  F i g u r e  4 ) . I n a p p r o p r i a t e
and i l l -adv ised  so lu t ions  were  immed ia te ly  weeded ou t ,  though the i r  number
w a s  n o t  g r e a t  t o  s t a r t  w i t h . A l t e r n a t i v e s  w i t h  p o t e n t i a l  f o r  s i g n i f i c a n t
i m p a c t s  o n  t h e  q u a l i t y  p r o b l e m  a n d  t h o s e  w i t h o u t  p r o h i b i t i v e  c o s t s  w e r e  l e f t
f o r  e v a l u a t i o n  b y  o t h e r s . The team wanted  to  p resent  the  w ides t  poss ib le
r a n g e  o f  a l t e r n a t i v e s  t o  s u c c e e d i n g  e v a l u a t o r s  a n d  t o  t h e  f i e l d  f o r  “ t e s t i n g ”
a s  t o  t h e i r  a p p r o p r i a t e n e s s , f e a s i b i l i t y  a n d  a c c e p t a b i l i t y .

A  second eva lua t ion  was  accompl i shed  by  federa l  and  s ta te  agency  person-
n e l , c h i e f l y  t h o s e  p r e s e n t l y  o r  p r o s p e c t i v e l y  i n v o l v e d  i n  a d m i n i s t r a t i o n  o f
qua l i t y  improvement  p rograms. T h e  a l t e r n a t i v e  s o l u t i o n s  w e r e  t h u s  s c r e e n e d
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b y  t h o s e  w i t h  t e c h n i c a l  a n d  l e g a l  e x p e r t i s e , a group with a special  concern
f o r  a d m i n i s t r a t i o n  o f  l a w s  a n d  p r o g r a m s . T h i s  g r o u p  t e n d e d  t o  s o r t  o u t  t h o s e
s o l u t i o n s  w h i c h  d i d  n o t  f i t  w i t h i n  t h e  f r a m e w o r k  o f  e x i s t i n g  l a w s ,  r u l e s  a n d
r e g u l a t i o n s , a n d  w h i c h  w o u l d ,  t h e r e f o r e ,  b e  d i f f i c u l t  t o  i m p l e m e n t , T h e  l i s t
o f  a l t e r n a t i v e s  w a s  r e d u c e d ,  b u t  n o t  s o  a s  t o  e x c l u d e  s o m e  s o l u t i o n s  w h i c h
w o u l d  b e  p o s s i b l e  w i t h  c h a n g e s  i n  l a w s ,  r u l e s  a n d  r e g u l a t i o n s .

A  th i rd  eva lua t ion  was  comple ted  by  managers  o f  wa te r  supp ly  agenc ies
( e . g . , i r r i g a t i o n  c o m p a n i e s  a n d  d i s t r i c t s )  a n d  t h e i r  b o a r d s  o f  d i r e c t o r s .
T h e s e  w e r e  i n d i v i d u a l s  h a v i n g  r e s p o n s i b i l i t y  f o r  d i s t r i b u t i o n  o f  w a t e r  a m o n g
f a r m s  o f  m e m b e r s  a n d  p a t r o n s  a n d  f o r  m a i n t e n a n c e  o f  s y s t e m  f a c i l i t i e s .  B e -
c a u s e  t h e y  a r e  p o t e n t i a l l y  r e s p o n s i b l e  f o r  a d m i n i s t r a t i o n  o f  r e v i s e d  r u l e s
g o v e r n i n g  d i v e r s i o n s  a n d  u s e  o f  w a t e r , t h e y  t e n d e d  t o  r e s i s t  m e a s u r e s  o f
c o n t r o l . Bu t  they  were  aware  o f  wate r  qua l i t y  p rob lems;  they  were  genera l l y
c o n v i n c e d  o f  p o s s i b i l i t i e s  f o r  i m p r o v e d  u s e  o f  w a t e r ;  a n d  t h e y  t e n d e d  t o
f a v o r  q u a l i t y  c o n t r o l  m e a s u r e s  l o c a t e d  a n d  a d m i n i s t e r e d  a t  t h e i r  l e v e l
r a t h e r  t h a n  a t  h i g h e r  o r  l o w e r  l e v e l s .

F i n a l l y , a  f o u r t h  e v a l u a t i o n  w a s  d o n e  b y  u s e r s  o f  w a t e r ,  i . e . ,  f a r m e r s
w h o  u s e  w a t e r  i n  i r r i g a t i o n  o f  c r o p s . T h e y  w e r e  i n t e r v i e w e d  i n d i v i d u a l l y .
D u r i n g  t h e  i n t e r v i e w s , t h e r e  w e r e  e x t e n s i v e  d i s c u s s i o n s  a s  t o  r e t u r n  f l o w
q u a l i t y  p r o b l e m s  a n d  a s  t o  p o t e n t i a l l y  u s e f u l  s o l u t i o n s . T h e s e  i n d i v i d u a l s ,
t h o u g h  a l a r m e d  b y  p r e s e n t  e f f o r t s  t o  c o n t r o l  t h e i r  u s e  o f  w a t e r ,  s h o w e d  b o t h
a b i l i t y  a n d  w i l l i n g n e s s  t o  c o m p r e h e n d  p r o b l e m s  o f  w a t e r  q u a l i t y  a n d  t o  d e a l
w i th  them. T h e y  w e r e  v e r y  p r a c t i c a l  i n  t h e i r  j u d g m e n t s  o f  i m p l e m e n t a b i l i t y
o f  t h e  v a r i o u s  a l t e r n a t i v e  s o l u t i o n s , a n d  t h e y  g e n e r a l l y  t e n d e d  t o  f a v o r
those  measures  a imed a t  improved  use  o f  wa te r  in  agr i cu l tu re . Obv ious l y ,
these  were  the  types  o f  measures  and so lu t ions  over  wh ich  they  had some
c o n t r o l .

T h e  a l t e r n a t i v e  s o l u t i o n s  p r o p o s e d  f o r  e v a l u a t i o n  r a n g e d  f r o m  t h o s e
w h i c h  w e r e  w h o l l y  t e c h n i c a l  ( e . g . , r e h a b i l i t a t i o n  o f  d i s t r i b u t i o n  s y s t e m s )  t o
t h o s e  w h i c h  w e r e  p u r e l y  i n s t i t u t i o n a l  ( e . g . ,  c r e a t i o n  o f  w a t e r  m a r k e t s ) .
Some were  combina t ions  o f  techn ica l  and  ins t i tu t iona l  measures  wh ich  wou ld
c a u s e  i m p r o v e m e n t s  i n  q u a l i t y  o f  r e t u r n  f l o w s  ( e . g . ,  c o s t - s h a r i n g  a r r a n g e -
m e n t s  f o r  i m p r o v e d  i r r i g a t i o n  f a c i l i t i e s ) . They  can  be  genera l l y  c lassed  as
a )  t h o s e  w h i c h  w e r e  c o n c e r n e d  w i t h  t h e  e f f l u e n t ,  i . e . ,  t h e  r e t u r n  f l o w ;
b )  t h o s e  c o n c e r n e d  w i t h  t h e  i n f l u e n t ,  i . e . , t h e  w a t e r  d i v e r t e d  t o  a g r i c u l -
t u r e ; c )  those  assoc ia ted  w i th  the  management  o f  l and  and  wate r  on  fa rms ;
a n d  d )  t h o s e  d i r e c t e d  t o  s o u r c e s  o f  w a t e r ,  i . e . , genera l l y  those  wh ich  wou ld
increase supp ly .

The  assessment  p rocess  and  espec ia l l y  the  f ie ld “ t e s t i n g ” c o n t r i b u t e d  t o
a n  i t e r a t i v e  c h a r a c t e r  i n  t h a t  i t  i n v o l v e d  t h e  m u t u a l e d u c a t i o n  o f  t h o s e  p e r -
f o r m i n g  t h e  t e s t i n g  a s  w e l l  a s  t h o s e  b e i n g  t e s t e d . I n  t h i s  r e g a r d ,  t h e  t e s t -
i n g  p r o c e s s  i s  n o t  o n e  o f  d e t e r m i n i n g  a b s o l u t e s ,  b u t o f  p r o v i d i n g  a  d i a l o g u e
l e a d i n g  t o  p o s s i b l e  c o m b i n a t i o n s  o f  p a c k a g e s  o f  a l t e r n a t i v e  s o l u t i o n s  w i t h
s e n s i t i v i t y  t o  b o t h  t h e  i m p e r a t i v e s  o f  t h e  l a w  a s  w e l l as to concrete cir-
cumstances. P o s s i b l e  s o l u t i o n s  c a n  b e  m o d i f i e d ,  a d d e d  o r  d e l e t e d  d u r i n g  t h e
t e s t i n g  p r o c e s s  a s  o n e  b e c o m e s  m o r e  a w a r e  o f  t h e  i n t r i c a c i e s  a n d  t h e  s p e c i f i -
c i t i e s  o f  a  g i v e n  p r o b l e m . On the other hand, responses  f rom a f fec ted
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p a r t i e s  t e n d  t o  a l t e r  o v e r  t i m e  a s  t h e y ,  t o o ,  b e c o m e  m o r e  a w a r e  a n d  b e t t e r
educa ted  in  the  p rob lem.

T h e  f l e x i b i l i t y  o f  t h e  a s s e s s m e n t  p r o c e s s  b e c o m e s ,  t h e n ,  t h e  g r e a t e s t
a t t r i b u t e  a n d  v i t a l  e l e m e n t  i n  t h e  b u i l d i n g  o f  a n  i m p l e m e n t a t i o n  b a s i s .
W h i l e  t h e  l a b o r a t o r y  s c i e n t i s t s  o r  t h e  a b s t r a c t  t h e o r e t i c i a n  m i g h t  h e s i t a t e
t o  i d e n t i f y  t h e  p r o c e s s  a s  a  t e s t , t h e  r e a l i s t i c  t e s t i n g  a g a i n s t  t h e  p e r c e p -
t i o n s  o f  t h e  f i e l d  c a n  p r o d u c e  i n s i g h t s  a s  t o  t h e  p o t e n t i a l  f o r  l o n g - r a n g e
s o l u t i o n s  w h i c h  n o  r i g i d  o r  p r e c o n c e i v e d  e x p e r i m e n t  c a n  p r o v i d e . The. f lex-
i b i l i t y  o f  t h i s  d y n a m i c  a s s e s s m e n t  p r o c e s s  c a n  a l s o  c o n t r i b u t e  t o  t h e  p r o -
d u c t i v i t y  o f  t h e  e f f o r t . I n  t h e  m o s t  s u c c i n c t  f o r m  p o s s i b l e ,  t h e  k e y
a r g u m e n t  h e r e  i s  t h a t  t h e  h e a r t  o f  t h e  p r o b l e m  r e s t s  w i t h  t h e  i n s t i t u t i o n a l
f ramework through which water is  managed; and  th i s  f ramework  i s  no t  immutab le
but can be changed from the endogenous and exogenous forces.

I t  i s  o b v i o u s ,  b y  n o w , t h a t  t h e  c o n t i n u o u s  s t a t e m e n t s  a s  t o  t h e  i t e r a t i v e
c h a r a c t e r  o r  f l e x i b i l i t y  o f  t h i s  a p p r o a c h  m a k e  i t  i m p o s s i b l e  t o  d e v e l o p  u n i -
v e r s a l  p a c k a g e s  c o n c e r n i n g  i m p l e m e n t i n g  m e a s u r e s  f o r  i r r i g a t i o n  r e t u r n  f l o w
q u a l i t y  c o n t r o l . Indeed,  the  assessment  p rocess  shou ld  no t  be  des igned to
develop such packages. I t  c o u l d ,  h o w e v e r ,  b e  e a s i l y  u s e d  f o r  d e v e l o p i n g
s o l u t i o n  p a c k a g e s  s i n c e  t h e  e f f o r t  o f  i m p l e m e n t a t i o n  i s  i n  t h e  p r o c e s s  o f
d e s c r i b i n g  t h e  p r o b l e m  i n  i t s  t r u e  c h a r a c t e r i s t i c s  a n d  i n  t h e  i d e n t i f i c a t i o n
a n d  a s s e s s m e n t  o f  p o t e n t i a l  s o l u t i o n s  t h r o u g h  a n  i n v o l v e m e n t  o f  a f f e c t e d
p a r t i e s  i n  a  m a n n e r  t h a t  t e n d s  t o  r e i n f o r c e  t h i n k i n g  i n  h o l i s t i c  r a t h e r
t h a n  a t o m i s t i c  t e r m s .

T h e  p r o c e s s  i t s e l f  ( o f  g e n e r a t i n g  a p p r o p r i a t e  s o l u t i o n s  a n d  o f  t e s t i n g
f o r  t h e i r  e v e n t u a l  i m p l e m e n t a b i l i t y )  i s  t h e  f o c u s  o f  a t t e n t i o n  a n d  t h e  c e n -
t r a l  a x i s  f o r  p r o v i d i n g  “ s o l u t i o n s ” t o  p r o b l e m s  o f  i r r i g a t i o n  r e t u r n  f l o w
q u a l i t y . I t  i s  s u c h  a  p r o c e s s  t h a t  w o u l d  l i n k  t h e  p r o b l e m ,  p o t e n t i a l  s o l u -
t i o n s  a n d  a t t a i n a b l e  s t r a t e g i e s  i n t o  d e f i n a b l e  m e a n s  f o r  i m p l e m e n t i n g  b o t h
t h e  s p i r i t  a n d  l e t t e r  o f  P . L .  9 2 - 5 0 0  a n d  o f  t h e  b r o a d e r  s o c i a l  d e s i r e  f o r
a  s a f e ,  p r o d u c t i v e  a n d  f u l f i l l i n g  e n v i r o n m e n t .

THE ROLE OF CASE STUDIES

T h e  a p p r o a c h  a n d  e m p h a s i s  o f  t h e  o v e r a l l  p r o j e c t ,  a n d  o f  a l l  c a s e  s t u d -
i e s  u t i l i z e d  a s  w e l l , d o e s  n o t  r e s t  e x c l u s i v e l y  o n  t h e  d e t e r m i n a t i o n  o f
“ a p p r o p r i a t e  s o l u t i o n s ”  f o r  t h e  p r o b l e m  o f  r e t u r n  f l o w  q u a l i t y ,  a l t h o u g h  t h e
l a s t  i s  a  c e n t r a l  p o i n t  i n  c o m m u n i c a t i n g  e f f e c t i v e l y  t h e  s p i r i t  o f  P . L .  9 2 -
500. T h e  c o n c e r n  t h r o u g h o u t  b e g i n s  w i t h  t h e  p r o c e s s  o f  a r r i v i n g  a t  a p p r o -
p r i a t e  s o l u t i o n s , i n  a s s e s s i n g  i n  a n  i n t e r d i s c i p l i n a r y  m a n n e r ,  a n d  i n  o u t -
l i n i n g  t h e  s t e p s  f o r  a n  e v e n t u a l  p r o c e s s  o f  i m p l e m e n t a t i o n  o f  w h a t e v e r  m a y
be  the  agreed-upon  “so lu t ion ”  o r  p rogram.

Thus, t h e  s t u d y  h a s  b e e n  o r g a n i z e d  t o  p r o v i d e  f o r  i d e n t i f i c a t i o n  a n d
a n a l y s i s  o f  t h e  e l e m e n t s  o f  a n  e f f e c t i v e  a s s e s s m e n t  o f  p o t e n t i a l  s o l u t i o n s
and  o f  bu i ld ing  an  imp lementa t ion  p rocess  concerned  w i th  the  na t iona l  goa l
o f  i m p r o v e d  q u a l i t y  o f  t h i s  n a t i o n ’ s  w a t e r s . T o  f a c i l i t a t e  t h i s  a p p r o a c h ,
f o u r  a r e a s  h a v e  b e e n  s e l e c t e d  i n  t h e  w e s t e r n  U n i t e d  S t a t e s ,  w i t h i n  w h i c h  t h e
concep tua l  and  methodo log ica l  p remises  ou t l i ned  p rev ious ly  cou ld  be  app l ied .
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In this manner, the  p rob lem tha t  was  iden t i f i ed  and  the  techn iques  pursued
w o u l d  a l l o w  f o r  a  c o m b i n a t i o n  o f  t h e o r y  a n d  p r a c t i c e  i n  o r d e r  t o  d e v e l o p
s p e c i f i c  r e c o m m e n d a t i o n s  f o r  b u i l d i n g  a  b a s i s  f o r  i m p l e m e n t i n g  i n s t i t u t i o n s
a n d  t e c h n o l o g i e s  f o r  i m p r o v e m e n t  o f  t h e  q u a l i t y  o f  i r r i g a t i o n  r e t u r n  f l o w .

T h e  s e l e c t i o n  o f  t h e  a r e a s  o f  c a s e  s t u d y  w a s  g u i d e d  b y  t w o  c r i t e r i a .
F i r s t ,  c o n s i d e r a b l e  d a t a  c o l l e c t i o n  a n d  r e s e a r c h  h a d  a l r e a d y  t a k e n  p l a c e ,  o r
i s  p r e s e n t l y  u n d e r w a y , w h i c h  w i l l  d e s c r i b e  t h e  p r o b l e m  s i t u a t i o n ;  a n d ,  s e c o n d ,
d i f f e r e n t  p r o b l e m s  o f  r e t u r n  f l o w  q u a l i t y  w o u l d  e s s e n t i a l l y  m a k e  t h e  s t u d y  o f
i n s t i t u t i o n s  m o r e  m e a n i n g f u l  a n d  t h e  d e s c r i p t i o n  o f  p o t e n t i a l  i m p l e m e n t a t i o n
p r o c e s s e s  m o r e  s e n s i t i v e  t o  l o c a l  c o n d i t i o n s . The four  s tudy  a reas ,  as  shown
i n  F i g u r e  9 ,  a r e :

1. Yakima Val ley,  Washington.

2. Mes i l la  Va l ley ,  New Mex ico  and E l  Paso Va l ley ,  Texas  (Midd le  R io
Grande  Va l ley ) .

3. Grand  Va l ley ,  Co lo rado .

4. S a n  J o a q u i n  V a l l e y ,  C a l i f o r n i a .

Y a k i m a  V a l l e y  i s  p r i m a r i l y  n o t e d  f o r  a g r i c u l t u r a l  w a t e r  q u a l i t y  p r o b l e m s
resu l t i ng  f rom sed iments ,  phospha tes  and  nematodes . I m p o r t a t i o n  o f  a d d i t i o n -
a l  w a t e r  i n t o  t h e  S a n  J o a q u i n  V a l l e y  a s  a  r e s u l t  o f  t h e  C a l i f o r n i a  S t a t e
W a t e r  P r o j e c t  w i l l  y i e l d  a d d i t i o n a l  d r a i n a g e  f l o w s  h i g h  i n  n i t r a t e s  a n d
s a l i n i t y  w h i c h  w i l l  a g g r a v a t e  w a t e r  p o l l u t i o n  c o n d i t i o n s  i n  S a n  F r a n c i s c o
Bay  un less  cor rec t i ve  measures  a re  taken . G r a n d  V a l l e y  i s  r e c e i v i n g  c o n s i d -
e r a b l e  n a t i o n a l  a t t e n t i o n  b e c a u s e  o f  h i g h  s a l t  l o a d s  e n t e r i n g  t h e  C o l o r a d o
R i v e r  d u e  t o  o v e r i r r i g a t i o n . F i n a l l y ,  M e s i l l a  V a l l e y  a n d  E l  P a s o  V a l l e y  c o n -
t r i b u t e  s a l t  l o a d s  t o  u n d e r l y i n g  g r o u n d  w a t e r  a q u i f e r s  a s  w e l l  a s  t h e  R i o
G r a n d e ,  w i t h  c o n t r o l  m e a s u r e s  b e c o m i n g  h i g h l y  i m p o r t a n t  w i t h  r a p i d  u r b a n i -
z a t i o n  i n  E l  P a s o  a n d  J u a r e z  ( R e p u b l i c  o f  M e x i c o ) .

F o r  t h r e e  o f  t h e  s t u d y  a r e a s , a  spec ia l  repor t  was  p repared  wh ich  de-
s c r i b e s  t h e  p h y s i c a l ,  e c o n o m i c ,  l e g a l ,  a n d  s o c i a l  s e t t i n g s ;  i r r i g a t i o n  r e t u r n
f l o w  q u a l i t y  p r o b l e m s ; t e c h n o l o g i c a l  a n d  i n s t i t u t i o n a l  s o l u t i o n s ;  a n d  m e a n s
f o r  i m p l e m e n t i n g  t h e s e  s o l u t i o n s .  S a n  J o a q u i n  V a l l e y ,  o n  t h e  o t h e r  h a n d ,
was used only as a background case, and  no  spec ia l  repor t  was  p repared .
However, some remarks  as  to  imp lementa t ion  aspec ts  der i ved  f rom an  ana lys is
o f  t h i s  l a s t  v a l l e y  h a v e  b e e n  i n c o r p o r a t e d  i n t o  t h e  m a i n  r e p o r t . By  p repar -
i n g  a  r e p o r t  f o r  e a c h  o f  t h e  t h r e e  s t u d y  a r e a s , c o n s i d e r a b l e  d e t a i l  w a s  p r o -
v i d e d  w h i c h  m a y  b e  b e n e f i c i a l  t o  l o c a l l y  i n t e r e s t e d  p a r t i e s ,  a n d  w h i c h ,  a t
the same t ime, c a n  s e r v e  a s  i l l u s t r a t i v e  e x a m p l e s  o f  t h e  v a r i e t y  o f  p r o b l e m s
r e l a t e d  t o  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n t r o l .

T h e  s e l e c t i o n  o f  t h e  f o u r  s i t e s  r e p r e s e n t s  n o t  o n l y  t h e  r a n g e  o f  i r r i g a -
t i o n  r e t u r n  f l o w  p r o b l e m s ,  b u t  a l s o  t h e  v a r i e t y  o f  l e g a l  s y s t e m s  f o r  w a t e r
a l l o c a t i o n  a n d  a d m i n i s t r a t i o n  o f  s u r f a c e  a n d  g r o u n d  w a t e r  i n t r a s t a t e  a n d
i n t e r s t a t e . Wi th in  each sys tem, v a r i o u s  r i g h t s  a n d  o b l i g a t i o n s  e x i s t ,  a n d
d u e  t o  t h e  h y d r a u l i c  n a t u r e  o f  w a t e r  r e s o u r c e s ,  t h e  d i f f e r e n t  s y s t e m s  a r e
not  a lways  synchronous, t h e r e f o r e  p r o d u c i n g  d i f f e r e n t  p r o b l e m s .
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LEGEND

El  Paso  Va l ley

 A p p r o p r i a t i o n s

A p p r o p r i a t i o n s  &
R i p a r i a n  R i g h t s

 S t u d y  A r e a

F igure  9 . S ta te  water  law sys tems and loca t ion  o f  s tudy  a reas .
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T h e  s u r f a c e  w a t e r s  w i t h i n  t h e  w e s t e r n  s t a t e s  a r e  c o n t r o l l e d  b y  o n e  o f
two systems: a p p r o p r i a t i o n  o r  c o m b i n e d  a p p r o p r i a t i o n  a n d  r i p a r i a n  s y s t e m
(see F igure  9 ) . Co lo rado and New Mex ico  admin is te r  the  appropr ia t ion  doc t r ine
w i t h  a  v a r i e t y  o f  d i f f e r e n c e s  b e t w e e n  t h e  n a t u r e  o f  t h e  w a t e r  r i g h t  a n d  t h e
m e t h o d  o f  a d m i n i s t r a t i o n . Ca l i fo rn ia ,  Texas  and Wash ing ton  app ly  a  mix tu re
o f  a p p r o p r i a t i o n  a n d  r i p a r i a n  l a w .

G r o u n d  w a t e r  r e g u l a t i o n  a m o n g  t h e  s e l e c t e d  a r e a s  i s  p a r t i c u l a r l y  r e l e -
v a n t  t o  d e f i n i n g  i n s t i t u t i o n a l  a l t e r n a t i v e s  i n  i r r i g a t i o n  r e t u r n  f l o w  q u a l -
i t y  c o n t r o l  ( s e e  F i g u r e  1 0 ) . Colorado, Washington and New Mexico apply the
a p p r o p r i a t i o n  c o n c e p t  t o  s u b s u r f a c e  w i t h d r a w a l . California developed a
u n i q u e  c o n c e p t  o f  c o r r e l a t i v e  r i g h t s  i n  w h i c h  r e a s o n a b l e  u s e  o f  g r o u n d
w a t e r s  i s  f o l l o w e d  i n  n o r m a l  r e c h a r g e  y e a r s , b u t  p r o p o r t i o n a l  s h a r i n g  i s
a p p l i e d  d u r i n g  p e r i o d s  o f  d r o u g h t  o r  e x c e s s i v e  g r o u n d  w a t e r  d e p l e t i o n .
Texas  has  con t inued  to  fo l low the  common law abso lu te  ownersh ip  doc t r ine ,
w h i c h  a l l o w s  u n l i m i t e d  w i t h d r a w a l  b y  t h e  s u r f a c e  o w n e r .

Super imposed over  the  s ta te  con t ro l  sys tems are  the  in te rs ta te  compacts
a n d  a l l o c a t i o n s  a n d  t h e  f e d e r a l  c l a i m s  t o  r e s e r v e d  w a t e r s . The Colorado
River ,  wh ich  f lows  th rough the  Grand  Va l ley  o f  wes te rn  Co lo rado ,  has  been
apport ioned by the Colorado River Compact of  1922 and the Upper Colorado
River Basin Compact of  1948. The R io  Grande,  wh ich  f lows  th rough Mes i l l a
Va l ley  and  E l  Paso  Va l ley ,  i s  con t ro l led  by  the  R io  Grande  Compac t  o f  1938 ,
the  R io  Grande Convent ion  o f  1906,  R io  Grande Rat i f i ca t ion  Convent ion  o f
1933, and the Rio Grande, Co lo rado  and  T i juana  T rea ty  o f  1944 .

Due to  energy  deve lopments  in  the  wes tern  s ta tes  and asser t ion  o f  water
r i g h t s  i n  I n d i a n  R e s e r v a t i o n s  a n d  o t h e r  f e d e r a l l y  w i t h d r a w n  l a n d s ,  t h e  c o m -
p lex i ty  o f  water  rea l  loca t ion  in  the  var ious  bas ins  may be  beyond comprehen-
s i o n . However, a s  a  r e s u l t  o f  r e c e n t  l i t i g a t i o n  i n  C o l o r a d o ,  t h e  r e s e r v a t i o n
d o c t r i n e  i s  b e c o m i n g  m o r e  c l e a r l y  d e f i n e d  a n d  i t  m a y  b e  p o s s i b l e  t o  c a l c u l a t e
t h e  p a t h  t o  i m p l e m e n t a t i o n  o f  t h i s  d o c t r i n e  a s  i t  w i l l  a f f e c t  w a t e r  q u a n t i t y
f l o w s .

F i n a l l y , i t  s h o u l d  b e  p o i n t e d  o u t  t h a t  f o r  e a c h  o f  t h e s e  c a s e  s t u d i e s ,  a
d i f f e r e n t  a p p r o a c h  d o m i n a t e d  t h e  s e a r c h  f o r  i d e n t i f y i n g  a n d  a s s e s s i n g  p o t e n -
t i a l  s o l u t i o n s  v i s - a - v i s  i r r i g a t i o n  r e t u r n  f l o w . In  the  case  o f  the  Yak ima
V a l l e y , a  q u e s t i o n n a i r e  d i s t r i b u t e d  t o  a f f e c t e d  p a r t i e s  w a s  d e v e l o p e d  a n d
e l a b o r a t e d  t h r o u g h  a  t e s t i n g  p r o c e s s  a l o n g  d i s c i p l i n a r y  l i n e s ,  e n d i n g  u p  a s
a  s y n t h e s i s  t h r o u g h  c r i t i c a l  e v a l u a t i o n  b y  t h e  r e s e a r c h  t e a m . In  the  case
o f  t h e  M i d d l e  R i o  G r a n d e  V a l l e y ,  w h i l e  t h e  s o l u t i o n s  w e r e  d e f i n e d  b y  d i s c i -
p l i n e ,  t h e  q u e s t i o n n a i r e  d e v e l o p e d  p r o v i d e d  i n t e g r a t e d  s o l u t i o n s  ( r a t h e r
t h a n  b y  t h e  d i s c i p l i n a r y  a p p r o a c h  c h a r a c t e r i z i n g  t h e  Y a k i m a  V a l l e y ) .  I n
Grand  Va l ley , n o  p a r t i c u l a r  q u e s t i o n n a i r e  w a s  u s e d  a s  i n  t h e  p r e v i o u s  t w o
v a l l e y s , s i n c e  t h e  a r e a  h a s  b e e n  c u r r e n t l y  e x p e r i m e n t i n g  w i t h  c e r t a i n  t e c h -
n o l o g i c a l  s o l u t i o n s . Thus, a s  f a r  a s  t e c h n o l o g i c a l  s o l u t i o n s  a r e  c o n c e r n e d ,
only an evaluat ion was made, w h i l e  i n s t i t u t i o n a l  a l t e r n a t i v e s  s t i l l  r e m a i n  t o
b e  e x a m i n e d .  A g a i n , in  the  case  o f  San Joaqu in , no  separa te  s tudy  was  pre-
pared  bu t  on ly  examples  have  been used th roughout  the  ma in  tex t  in  o rder  to
f u r t h e r  a c c e n t u a t e  t y p e s  o f  p r o b l e m s  a n d  p o t e n t i a l  s o l u t i o n s  r e l a t e d  t o
i r r i g a t i o n  r e t u r n  f l o w .
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 A p p r o p r i a t i o n

 C o m m o n  L a w  R i p a r i a n

 C o r r e c t i v e  R i g h t s

 R e a s o n a b l e  U s e

  S t u d y  A r e a

F igure  10 . State ground water law systems
i n  t h e  w e s t e r n  s t a t e s .
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I n  c o n c l u s i o n , t h e  r e s e a r c h  a p p r o a c h  p r o p o s e d  i n  t h i s  s e c t i o n  a t t e m p t s
to  l i nk  some genera l  p remises  as  to  the  p rocess  o f  imp lement ing  change ,  wh i le
a t  the  same t ime nar row ing , i n  t h e  f o r m  o f  t h e  c a t e g o r i e s  s u g g e s t e d  i n
F i g u r e  8 , the  gap  be tween  the  range  o f  p rob lems and  the  spec i f i c  requ i rements
f o r  b u i l d i n g  t h e  b a s i s  f o r  i m p l e m e n t a t i o n . T h e  s e c t i o n s  t h a t  f o l l o w  a r e  a l s o
c o n s i s t e n t  w i t h  t h e  c a t e g o r i e s  o f  F i g u r e  8  a s  w e l l  a s  w i t h  t h e  o v e r a l l  t h r u s t
o f  t h e  a r g u m e n t  t h a t  c u m u l a t i v e l y  a n d  i n t e r a c t i v e l y  b u i l d s  t h r o u g h o u t  s u c c e s -
s i v e  s c r e e n i n g  o f  p r o b l e m  d e s c r i p t i o n , i d e n t i f i c a t i o n  a n d  a s s e s s m e n t  o f
p o t e n t i a l  s o l u t i o n s , a n d  c o n c l u d e s  b y  o u t l i n i n g  s o m e  c h a r a c t e r i s t i c s  o f  t h e
process  o f  imp lementa t ion .
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SECTION 5

NATURE OF THE PROBLEM

DETERMINATION OF THE CAUSES AND SIGNIFICANCE OF THE PROBLEM

C o n c e r n  f o r  t h e  q u a l i t y  o f  o u r  n a t i o n ’ s  w a t e r s  i s  n o t  a  n e w  p r o b l e m .
I t  i s  n o t  p o s s i b l e  t o  p i n p o i n t  t h e  e x a c t  i m p e t u s  t h a t  b r o u g h t  a b o u t  t h e  p e r -
c e p t i o n  a n d  d e f i n i t i o n  o f  a  w a t e r  q u a l i t y  p r o b l e m  a n d  w h i c h  e v e n t u a l l y  l e d  t o
s p e c i f i c  o r g a n i z i n g  a n d  r e p r e s e n t a t i o n  i n  g o v e r n m e n t . However obv ious
i n f l u e n c e s  i n c l u d e : i n c r e a s e d  i n d u s t r i a l i z a t i o n  a n d  u r b a n i z a t i o n ,  m o u n t i n g
evidence of environmental degradation, a n d  t h e  c o n s p i c u o u s  f a i l u r e  o f  p a s t
abatement programs which were of ten “encumbered wi th vague or unenforceable
au thor i t y  (Rosenbaum,  1973) . I t  seems reasonab le  to  conc lude  tha t  percep t ion
o f  t h e  p r o b l e m  c a m e  m o s t  p o w e r f u l l y  o n  t h e  m u n i c i p a l  a n d  i n d u s t r i a l  l e v e l s ;
o n l y  a s  t h e  p r o b l e m  b e c a m e  d e f i n e d  a n d  t h e  o b j e c t i v e  s t a t e d - - t o  r e s t o r e  a n d
m a i n t a i n  t h e  i n t e g r i t y  o f  t h e  n a t i o n ’ s  w a t e r s - - d i d  i t  b e c o m e  c l e a r  t h a t  t h e
p r o b l e m  o f  a g r i c u l t u r a l  w a t e r  p o l l u t i o n  s h o u l d  a l s o  b e  a d d r e s s e d .  A g r i c u l -
tural water pollution, then, was  no t  the  p r imary  perce ived  p rob lem,  bu t
b e c a m e  i n c l u d e d  i n  t h e  p o l i c y  p r o c e s s  w h i c h  i n v o l v e d  p o l l u t i n g  p r a c t i c e s
of  a much broader scope. A s  a  r e s u l t ,  a c t i o n  b y  t h e  g o v e r n m e n t  i s  f o c u s e d
on  the  who le  p rob lem o f  wa te r  degrada t ion  and  on  o ther  spec i f i c  p rob lem
areas , w i t h  f e w  r e f e r e n c e s  d i r e c t l y  t o  a g r i c u l t u r e .

W a t e r  q u a l i t y  c o n t r o l  h a s  b e e n  a  b r o a d  n a t i o n a l  o b j e c t i v e  s i n c e  t h e
e n a c t m e n t  o f  P . L .  8 4 - 6 6 0 ,  t h e  W a t e r  Q u a l i t y  A c t  o f  1 9 5 6 .  F r o m  1 9 5 6  u n t i l  t h e
l a t e  1 9 6 0 ’ s ,  t h e  e m p h a s i s  h a s  b e e n  a l m o s t  e n t i r e l y  u p o n  c o n t r o l  o f  p o i n t
s o u r c e s  o f  d i s c h a r g e  f r o m  m u n i c i p a l i t i e s  a n d  i n d u s t r i e s . O b v i o u s l y ,  t h e s e
e l e m e n t s  o f  p o l l u t i o n  c o u l d  b e  r e a d i l y  i d e n t i f i e d  a n d  v a r i o u s  l e g a l  a n d  e c o -
nomic  measures  cou ld  be  des igned  to  induce  o r  compe l  e l im ina t ion  o r  reduc t ion
o f  h a r m f u l  d i s c h a r g e s .

T h e  p r o b l e m s  a s s o c i a t e d  w i t h  p o l l u t i o n  f r o m  a g r i c u l t u r a l  u s e s  o f  w a t e r
a r e  b y  n a t u r e  m u c h  m o r e  d i f f u s e  a n d  d i f f i c u l t  t o  a s s e s s  a n d  c o n t r o l  t h a n
t h o s e  o f  p o i n t  s o u r c e  i n t r o d u c t i o n . By  the  mid-1960 ’s , w h e n  s a l i n i t y  l e v e l s
i n  t h e  C o l o r a d o  R i v e r  b e g a n  a p p r o a c h i n g  p l a n t  t o l e r a n c e  l e v e l s  i n  M e x i c o ,
there  was  w idespread awareness  o f  the  p rob lems assoc ia ted  w i th  inc reased
concen t ra t ions  o f  sa l t s  in  the  lower  Co lo rado  R iver  reg ion  and  voca l  demands
f o r  a p p r o p r i a t e  r e h a b i l i t a t i o n .  S e d i m e n t a t i o n ,  a n o t h e r  n o n p o i n t  s o u r c e
p o l l u t a n t , w a s  b e g i n n i n g  t o  a t t r a c t  a t t e n t i o n  i n  t h e  C o l u m b i a  R i v e r  B a s i n .
O the r  fo rms  o f  chemica l and  suspended  po l lu tan ts  f rom agr i cu l tu re  were
i d e n t i f i e d  a n d  t h e i r  d a m a g e  a s s e s s e d  i n  v a r i o u s  l o c a l i t i e s  a l l  o v e r  t h e
n a t i o n . Y e t ,  r e s p o n s e  b y  s t a t e  a n d  l o c a l  o f f i c i a l s  w i t h  r e g a r d  t o  a g r i c u l -
t u r a l  p o l l u t i o n  c o n t r o l  p r o g r a m s  h a s  b e e n  s l o w  b e c a u s e  o f  r e l a t i v e
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i n v i s i b i l i t y , l o c a l i z e d  n a t u r e  o f  a d v e r s e  e f f e c t s  a n d  t h e  e a r l i e r  a b s e n c e  o f
a concerted program by the Federal  Government.

A g r i c u l t u r a l  w a t e r  q u a l i t y  c o n t r o l  h a s  l o n g  b e e n  p a r t  o f  a  s u b s t a n t i v e
d iscuss ion  among the  var ious  bas in  s ta tes  in  the  West . Problems ranging f rom
s a l i n i t y  a n d  c h e m i c a l  d e g r a d a t i o n , sed imenta t ion  and  o ther  p rob lems assoc i -
a ted  w i th  suspended mater ia l  have  been examined  p redominan t l y  f rom the  phy-
s i c a l  c o n t r o l  p e r s p e c t i v e  a n d  t e c h n o l o g i e s  h a v e  b e e n  d e v e l o p e d  t o  a l l e v i a t e
o r  e l im ina te  such  p rob lems. T h i s  p r e o c c u p a t i o n  b e c o m e s  p a r t i c u l a r l y  i m p o r t -
a n t  i f  o n e  b e a r s  i n  m i n d  t h a t  t h e  t o t a l  l a n d  a r e a  i n  t h e  f i f t y  s t a t e s  i s  9 1 6
m i l l i o n  h e c t a r e s  ( 2 , 2 6 4  b i l l i o n  a c r e s ) . Wh i le  land  use  da ta  vary  f rom year
to  year  on  an  average, o n e - h a l f  o f  t h i s  a r e a  i s  c l a s s i f i e d  a s  “ l a n d  i n  f a r m s ”
a n d  t h e  r e m a i n d e r  i s  “ l a n d  n o t  i n  f a r m s . ” Urban America occupies about 25
m i l l i o n  h e c t a r e s , s o  a l m o s t  9 7  p e r c e n t  o f  t h e  l a n d  i s  r u r a l  i n  n a t u r e . A l l
o f  t h e  r u r a l  l a n d  i s  a  p o t e n t i a l  s o u r c e  o f  n o n p o i n t  p o l l u t i o n ,  a s  i s  a  s u b -
s t a n t i a l  f r a c t i o n  o f  t h e  u r b a n  l a n d  a r e a . The da ta  here  a re  impress ive ,
e s p e c i a l l y  i f  o n e  i s  t o  p o i n t  o u t  t h a t  o v e r  4 0 0  m i l l i o n  a c r e s  ( 1 6 0  m i l l i o n
h e c t a r e s )  a r e  i n  c r o p l a n d  a n d  d e l i v e r  2  b i l l i o n  t o n s  o f  s e d i m e n t  a n n u a l l y  t o
streams and lakes. Th is  sed iment  inc ludes  a  la rge  bu t  unde f ined  amount  o f
t h e  a p p r o x i m a t e l y  4 4 0  m i l l i o n  p o u n d s  ( 2 0 0  k i ! o g r a m s )  o f  t o x i c  p e s t i c i d e s
u s e d  a n n u a l l y  i n  a g r i c u l t u r e . A n i m a l  w a s t e s  o f  l i v e s t o c k  a l o n e  a r e  e s t i -
m a t e d  a t  a b o u t  2  b i l l i o n  t o n s ,  w h i c h  i s  e q u i v a l e n t  t o  t e n  t i m e s  t h a t  p r o -
duced by humans. A s  o n e  b e g i n s  t o  e x a m i n e  t h e  t o t a l  q u a n t i t i e s  o f  p o l l u t a n t s
tha t  a re  coming  f rom nonpo in t  sources , e s p e c i a l l y  i n  t h e  r u r a l  a r e a s ,  o n e  c a n
a l s o  a p p r e c i a t e  t h e  c o m p l e x i t y  o f  t h e  p r o b l e m  t h a t  m u s t  b e  f a c e d . I t  i s  o b -
v i o u s  t h a t  i n c r e a s i n g  t e c h n o l o g y  i s  n o t  g o i n g  t o  s o l v e  t h e  n a t i o n ’ s  w a t e r
q u a l i t y  p r o b l e m s . Indeed ,  more  and  more  i t  i s  recogn ized  tha t  many  o f  the
g a i n s  m a d e  i n  t h e  p o i n t  s o u r c e  a r e a  w i l l  n o t  b e a r  f r u i t  i n  t e r m s  o f  i m p a i r e d
w a t e r  u s e  b e c a u s e  o f  t h e  f a i l u r e  t o  a c t  i n  t h e  h i g h l y  s i g n i f i c a n t  n o n p o i n t
source area.

W a t e r  q u a l i t y  c o n t r o l  f r o m  i r r i g a t i o n  r e t u r n  f l o w s  h a s  c a u s e d  o n e  o f  t h e
grea tes t  degrees  o f  d i senchan tment  among s ta te  and  federa l  pe rsonne l  who  a re
a t t e m p t i n g  t o  c a r r y  o u t  w a t e r  q u a l i t y  p r o g r a m s  u n d e r  P . L .  9 2 - 5 0 0 . S ince  the
t i m e  t h a t  t h e  f i r s t  r e g u l a t i o n s  f o r  i r r i g a t i o n  r e t u r n  f l o w s  w e r e  i n i t i a t e d
in  1973,  there  have  been s t rong , c o n f l i c t i n g  d i f f e r e n c e s  o f  o p i n i o n  a m o n g
v a r i o u s  a g e n c i e s  a s  t o  h o w  t o  d e a l  w i t h  w a t e r  a t  b o t h  s t a t e  a n d  f e d e r a l  l e v -
e ls  o f  government . More  than  any th ing  e lse ,  many  wes tern  s ta tes  have  ca l led
f o r  a  s t o p  t o  t h e i r  p r o g r a m s  u n t i l  E P A  a d o p t s  w h a t  t h e  s t a t e s  c o n s i d e r  a
workable approach. N o t  o n e  w e s t e r n  s t a t e  h a s  c o m p l e t e l y  a n d  e n t h u s i a s t i c a l l y
e m b r a c e d  t h e  p r o g r a m  o f  i n c l u d i n g  i r r i g a t i o n  r e t u r n  f l o w s  a s  a  “ p o i n t  s o u r c e ”
and, t h u s , s u b j e c t i n g  a l l  i r r i g a t i o n  t o  t h e  N P D E S  p r o g r a m .

W e  s h o u l d  n o t  a t t e m p t  t o  d e s c r i b e  h e r e  i n  d e t a i l  e i t h e r  t h e  a g r i c u l t u r a l
s o u r c e s  o f  w a t e r  p o l l u t i o n  o r  t o  p r e s e n t  i n  a n y  d e t a i l e d  f a s h i o n  a l l  t h e
p r o b l e m s  i n v o l v e d  w i t h  w a t e r  q u a l i t y  p o l i c i e s . T h r e e  p a r t i c u l a r  a r e a s  o f
concern  mus t  d i rec t  the  a rgument . T h e  f i r s t  h a s  t o  d o  w i t h  t h e  l e g a l  i m p e r -
a t i ves  as  expressed in  the  mandates  o f  P .L .  92-500.  The second has  to  do
w i t h  a  b r o a d  o u t l i n e  o f  t h e  p h y s i c a l  d i m e n s i o n s  o f  t h e  p r o b l e m . And,  the
l a s t  w o u l d  r e l a t e  o u r  c o n c e r n  w i t h  t h e  o r g a n i z a t i o n a l  p r e p a r e d n e s s  i n  m e e t i n g
t h e  p r o b l e m ,  p a r t i c u l a r l y  i n  d e v e l o p i n g  t h e  c o n t e x t  f o r  p l a n n i n g ,  d e c i s i o n -
m a k i n g  a n d  f o r  b u i l d i n g  t h e  b a s i s  f o r  i m p l e m e n t a t i o n .
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The Legal Background

F o r m u l a t i o n  a n d  L e g i t i m a t i o n - -
The ef for ts of  the sponsor ing Congressmen and both House and Senate

c o m m i t t e e s  w e r e  d e v o t e d  t o  p r o d u c i n g  a  p o w e r f u l ,  d e c i s i v e  p i e c e  o f  l e g i s l a -
t i o n  w h i c h  w o u l d  d r a s t i c a l l y  r e d u c e  p o l l u t i o n  o f  o u r  n a t i o n ’ s  w a t e r s .
There fo re , Sec t ion  301 (a )  requ i res  tha t , e x c e p t  u n d e r  c o n d i t i o n s  o u t l i n e d
in  subsequent  sec t ions , t h e  d i s c h a r g e  o f  a n y  p o l l u t a n t  b y  a n y  p e r s o n  s h a l l
be  un lawfu l . D u r i n g  d e b a t e  i n  t h e  H o u s e  o f  R e p r e s e n t a t i v e s  o n  i t s  v e r s i o n
o f  t h e  b i l l , H.R. 11896, Teno Roncal io, Represen ta t i ve  f rom Wyoming ,  o f fe red
a n  a m e n d m e n t  e x e m p t i n g  r e t u r n  f l o w s  f r o m  a g r i c u l t u r a l  i r r i g a t i o n  ( A
L e g i s l a t i v e  H i s t o r y . . . ,  1 9 7 2 :  6 5 1 ) . He argued that  th is amendment was
i m p o r t a n t  t o  t h e  c r e d i b i l i t y  o f  t h e  l e g i s l a t i o n ,  s i n c e  t h e  t e c h n o l o g y  f o r
i d e n t i f y i n g  a n d  s p e c i f i c a l l y  t r a c i n g  i r r i g a t i o n  p o l l u t a n t s  d i d  n o t  e x i s t  a n d ,
t h e r e f o r e , t h e  b i l l  w o u l d  b e  u n e n f o r c e a b l e  i n  t h e  c a s e  o f  a g r i c u l t u r e .
Comment  was  expressed  in  favor  o f  the  amendment  un t i l  the  represen ta t i ve
f r o m  C a l i f o r n i a  c a l l e d  a t t e n t i o n  t o  t h e  S a n  L u i s  D r a i n  w h i c h  d u m p s  h i g h l y
p o l l u t e d  i r r i g a t i o n  r e t u r n  f l o w s  i n t o  t h e  S a n  J o a q u i n  R i v e r  i n  C a l i f o r n i a .
That  s ing le  case  seemed to  sway the  op in ion , i n  s p i t e  o f  t h e  t h o u s a n d s  o f
a g r i c u l t u r a l  u s e r s  w h o s e  i m p a c t  w o u l d  b e  m u c h  l e s s  s i g n i f i c a n t ,  a n d  t h e
amendment  was  de fea ted  ( Ib id . ,  p .  6528) .

S e c t i o n  4 0 2  o f  t h e  A c t  c r e a t e d  a  N a t i o n a l  P o l l u t a n t  D i s c h a r g e  E l i m i n a -
t ion  Sys tem (NPDES) ,  by  wh ich  permi ts  cou ld  be  i ssued to  a l low d ischarge  o f
p o l l u t a n t s  u n d e r  s p e c i f i e d  c o n d i t i o n s . B y  n o t  e x c l u d i n g  i r r i g a t e d  a g r i c u l -
t u r e  f r o m  t h e  p r o v i s i o n s  o f  S e c t i o n  3 0 1 , i t  b e c a m e  s u b j e c t  t o  t h e  p e r m i t
program. The  rami f i ca t ions  o f  the  fa i lu re  to  pass  h is  amendment  have  been
c l e a r l y  o u t l i n e d  b y  M r .  R o n c a l i o  w h e n  h e  s t a t e d  ( I b i d . ,  p .  8 6 0 - 8 6 1 ) :

Moreover, t h e  t e c h n o l o g y  t o  c o n t r o l  s a l i n i t y  r e s u l t i n g  f r o m
i r r i g a t i o n  u s e  i s  n o t  a v a i l a b l e . There  i s  no  feas ib le  method
o f  t r e a t i n g  i r r i g a t i o n  w a s t e s i n  t h o s e  c a s e s  w h e n  i r r i g a t i o n
d i s c h a r g e s  c a n  b e  i s o l a t e d  f r o m  n a t u r a l  s o u r c e s  o f  r u n o f f .
U s u a l l y  i t  i s  i m p o s s i b l e  t o  l o c a t e  a  p a r t i c u l a r  d i s c h a r g e  a n d
m a t c h  i t  t o  t h e  p r o p e r  i r r i g a t o r  b e f o r e  i t  p e r c o l a t e s  i n t o  a
g r o u n d  w a t e r  r e s e r v o i r , o r  r e t u r n s  t o  t h e  o r i g i n a l  s t r e a m .

T h e  m o s t  i n s u r m o u n t a b l e  d i f f i c u l t i e s  e n c o u n t e r e d ,  h o w e v e r ,  c o u l d
b e  t h e  a d m i n i s t r a t i v e  p r o b l e m s . The  number  o f  f ede ra l  app l i ca -
t i o n s  f o r  a l l  i r r i g a t i o n  d i s c h a r g e s  w o u l d  b e  s t a g g e r i n g .  I n
Wyoming alone, between 35,000 and 40,000 permits would be re-
q u i r e d . W h e n  a p p l y i n g  f o r  a  f e d e r a l  d i s c h a r g e  p e r m i t  t h e
burden  o f  p roo f  wou ld  be  on  the  wate r  user  to  show tha t  the
environment would not  be harmed. For those who were not granted
a  p e r m i t , v a l u a b l e  p r o p e r t y  r i g h t s  w o u l d  b e  l o s t  w i t h o u t  c o m p e n -
s a t i o n , a n d  t h i s  i n v o l v e s  s e r i o u s  i m p l i c a t i o n s  f o r  t h e  c o u r t s .

Moreover, the  mass ive  bureaucracy  needed to  p rocess  the  permi t
a p p l i c a t i o n s  w o u l d  h a v e  u n c e r t a i n  j u r i s d i c t i o n . Wou ld  i t  have
to  comple te ly  supercede  func t ion ing  s ta te  wate r  r igh t  mechan isms
i n  o r d e r  t o  o p e r a t e  e f f e c t i v e l y ? I f  s o , t h e  p r i o r  a p p r o p r i a t i o n
doc t r ine  wou ld  be  reduced  to  an  unrecogn izab le  shambles .  Th is
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c o u l d  c a u s e  d i s a s t r o u s  i n s t a b i l i t y  t h r o u g h o u t  t h e  W e s t  a m o n g
c u r r e n t  w a t e r  r i g h t  h o l d e r s . T h e  e f f e c t  o n  i n v e s t m e n t  i n -
c e n t i v e s  a n d  p r o p e r t y  v a l u e s  i s  i n c a l c u l a b l e . A t  b e s t ,  a
phenomena l  paper  work  log jam cou ld  be  c rea ted  w i th  neg l ig ib le
improvement  in  water  qua l i t y .

Even  though  e f f l uen t  con t ro l  may  be  chosen  as  the  bes t  method
o f  c o n t r o l l i n g  p o l l u t i o n  c o n t r i b u t e d  b y  i n d u s t r i a l  a n d  m u n i -
cipal wastes, i t  d o e s  n o t  a p p e a r  a t  p r e s e n t  t o  b e  a  p r a c t i c a l
m e t h o d  o f  c o n t r o l l i n g  n o n p o i n t  s o u r c e s  o f  s a l i n i t y  a s s o c i a t e d
w i t h  i r r i g a t i o n .

T h e  f a c t  t h a t  t h e  S a n  L u i s  D r a i n  c a s e  s o  c l o s e l y  r e s e m b l e d  t h e  p o i n t
s o u r c e  k i n d  o f  p o l l u t i o n  w i t h  w h i c h  l e g i s l a t o r s  f r o m  m o s t  p a r t s  o f  t h e
n a t i o n  a r e  f a m i l i a r  m a y  a c c o u n t  f o r  i t s  p o w e r f u l  i n f l u e n c e  i n  t h e i r  v o t e
against  Roncal io ’s amendment.

In  Senate  debate ,  Mr .  Do le ,  Senato r  f rom Kansas ,  po in ted  ou t  the  fac t
t h a t  a g r i c u l t u r a l  p o l l u t i o n i s  g e n e r a l l y  a  n o n p o i n t  s o u r c e . An exchange
between Senator Dole and Senator Muskie, o n e  o f  t h e  p r i m a r y  s p o n s o r s  o f  t h e
b i l l , i s  i n f o r m a t i v e  ( I b i d . ,  p .  1 2 9 8 - 1 2 9 9 ) :

Mr .  Do le : Ano ther  ques t  i on  o f  rea l  concern  to  many  fa rmers ,
s t o c k m e n  a n d  o t h e r s  i n  a g r i c u l t u r e  i n v o l v e s  t h e  t e r m s  ‘ p o i n t
source ’  and ’nonpoint source.’

M o s t  s o u r c e s  o f  a g r i c u l t u r a l  p o l l u t i o n  a r e  g e n e r a l l y  c o n s i d -
e red  to  be  nonpo in t  sources .

My  ques t i on  i s : S imp ly , to  what  sources  o f  gu idance  a re  we
t o  l o o k  f o r  f u r t h e r  c l a r i f i c a t i o n  o f  t h e  t e r m s  ‘ p o i n t  s o u r c e ’
and ‘nonpo in t  source ‘ - - e s p e c i a l l y  a s  r e l a t e d  t o  a g r i c u l t u r e ?

Mr.  Musk ie : G u i d a n c e  w i t h  r e s p e c t  t o  t h e  i d e n t i f i c a t i o n  o f
‘ p o i n t  s o u r c e s ’  a n d  ‘ n o n p o i n t  s o u r c e s , ’  e s p e c i a l l y  a s  r e l a t e d
t o  a g r i c u l t u r e , w i l l  b e  p r o v i d e d  i n  r e g u l a t i o n s  a n d  g u i d e l i n e s
o f  t h e  A d m i n i s t r a t o r .

T h i s  i n d i c a t e s  t h a t  i t  w o u l d  b e  E P A ’ s  r e s p o n s i b i l i t y  t o  c l a r i f y  t h e
t e r m s  “ p o i n t ”  a n d  “ n o n p o i n t ” s o u r c e  a n d  t h e r e b y  t o  d e t e r m i n e  a p p l i c a b i l i t y
o f  Sec t ion  402  permi t  requ i rements . Thus, t h e  l e g i s l a t u r e  d e f e a t e d  t h e  p r o -
p o s a l  t o  e x c l u d e  a g r i c u l t u r a l  p o l l u t i o n  a n d  p a s s e d  t h e  p r o b l e m  o n  t o  t h e
A d m i n i s t r a t o r  o f  E P A .

A d m i n i s t r a t i o n  a n d  A p p l i c a t i o n - -
On December 22, 1972, regulat ions were promu

Federa l  Reg is te r  (40  FR 54182)  es tab l i sh ing  gu ide
E l e m e n t s  N e c e s s a r y  f o r  P a r t i c i p a t i o n  i n  t h e  N a t i on a l  P o l l u t a n

l g a t e d  a n d  p u b l i s h e d  i n  t h e
l i n e s  f o r  S t a t e  P r o g r a m

t  D ischarge
in  response to
icated a need
i t  s y s t e m  t o

El iminat ion System (NPDES) (37 FR 28290).  Comments received
these  regu la t ions  and  to  p roposed NPDES app l i ca t ion  fo rms ind
t o  c o n s i d e r  t h e  d e s i r a b i l i t y  o f  a t t e m p t i n g  t o  e x t e n d  t h e  p e r m
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a l l  p o i n t  s o u r c e s  c o n c e i v a b l y  c o v e r e d  b y  t h e  b r o a d  d e f i n i t i o n a l  f r a m e w o r k
e s t a b l i s h e d  b y  t h e  F e d e r a l  W a t e r  P o l l u t i o n  C o n t r o l  A c t . E P A ’ s  i n t e n t  t o  c o n -
s i d e r : 1 )  fu r the r  comments  w i th  respec t  to  the  NPDES app l i ca t ion  fo rm fo r
a g r i c u l t u r a l  d i s c h a r g e s , Shor t  Form B;  and  2 )  exc lus ions  f rom the  permi t  sys -
t e m ,  p a r t i c u l a r l y  f o r  a g r i c u l t u r a l  a n d  s i l v i c u l t u r a l  s o u r c e s ,  w a s  i n d i c a t e d
in the Federal  Register  on December 29,  1972 (37 FR 28765).

On May 3, 1973 ,  EPA proposed  a  rev ised  Shor t  Form B fo r  agr i cu l tu ra l
d i s c h a r g e s  a n d  p r o p o s e d  c l a s s e s  a n d  c a t e g o r i e s  o f  s i l v i c u l t u r a l  a n d  a g r i c u l -
t u r a l  a c t i v i t i e s  w h i c h  w o u l d  n o t  b e  s u b j e c t  t o  N P D E S  p e r m i t  r e q u i r e m e n t s
(38 FR 10960). O n  M a y  2 2 ,  1 9 7 3 ,  r e g u l a t i o n s  e s t a b l i s h i n g  p o l i c i e s  a n d  p r o -
cedures for  issuance of  NPDES permits by the Federal  Government were promul-
gated and published (38 FR 13528). I n  t h a t  p u b l i c a t i o n ,  S e c t i o n  1 2 5 . 4  e n -
t i t l e d  E x c l u s i o n s , p rov ided  tha t  NPDES permi ts  were  no t  requ i red  fo r  d is -
charges  f rom separa te  s to rm sewers  composed  en t i re l y  o f  s to rm runo f f
u n c o n t a m i n e d  b y  i n d u s t r i a l  o r  c o m m e r c i a l  a c t i v i t y . Subsequent ly ,  on  Ju ly  5 ,
1973, a f t e r  r e c e i v i n g  i n f o r m a t i o n , s t a t i s t i c s  a n d  a d v i c e  f r o m  o t h e r  f e d e r a l
agenc ies , s t a t e  o f f i c i a l s  a n d  a g r i c u l t u r a l  g r o u p s  i n  r e s p o n s e  t o  t h e  M a y  3 ,
1973 proposal , E P A  i s s u e d  n o t i c e  o f  t h e  a v a i l a b i l i t y  o f  t h e  f i n a l  a g r i c u l -
tu ra l  app l i ca t ion  Shor t  Form B and  pub l i shed  an  amendment  to  Sec t ion  125 .4
(38 FR 18000). Th is  amendment  p rov ided  fo r  an  expans ion  o f  the  exc lus ions
i n  t h a t  s e c t i o n , e l i m i n a t i n g  c a t e g o r i e s  o f  s m a l l  c o n c e n t r a t e d  a n i m a l s  f e e d -
i n g  o p e r a t i o n s  a n d  c e r t a i n  a g r i c u l t u r a l  a n d  s i l v i c u l t u r a l  a c t i v i t i e s  f r o m
the  permi t  requ i rement . S p e c i f i c a l l y , i r r i g a t i o n  r e t u r n  f l o w  f r o m  s o u r c e s
o f  less  than  3 ,000  acres  was  exempted . The  EPA Reg iona l  Admin is t ra to r  o r
t h e  D i r e c t o r  o f  a  s t a t e  w a t e r  p o l l u t i o n  c o n t r o l  a g e n c y  c o u l d  o v e r r i d e  t h e
e x c l u s i o n s  b y  i d e n t i f y i n g  i n d i v i d u a l  s o u r c e s  a s  s i g n i f i c a n t  c o n t r i b u t o r s  o f
p o l l u t i o n . O n c e  s o  i d e n t i f i e d , s i g n i f i c a n t  c o n t r i b u t o r s  o f  p o l l u t i o n  w e r e
requ i red  to  app ly  fo r  and  comply  w i th  NPDES permi ts  (40  CFR 124 .11  h (5 ) ) .

In  p romulga t ing  the  Ju ly  5  regu la t ions ,  EPA s ta ted  i t s  be l ie f  tha t  wh i le
some po in t  sources  w i th in  the  exc luded ca tegor ies  may be  s ign i f i can t  con t r ib -
u t o r s  o f  p o l l u t i o n  w h i c h  s h o u l d  b e  r e g u l a t e d  c o n s i s t e n t  w i t h  t h e  p u r p o s e s  o f
t h e  F W P C A ,  i t  w o u l d  b e  a d m i n i s t r a t i v e l y  d i f f i c u l t  i f  n o t  i m p o s s i b l e ,  g i v e n
f e d e r a l  a n d  s t a t e  r e s o u r c e  l e v e l s , t o  i s s u e  i n d i v i d u a l  p e r m i t s  t o  a l l  s u c h
p o i n t  s o u r c e s . I n  a d d i t i o n , t h e  a g e n c y  s t a t e d  t h a t  r e g u l a t i o n  t h r o u g h  t h e
u s e  o f  s i t e - s p e c i f i c  N P D E S  p e r m i t s  w a s  n o t  a p p r o p r i a t e  f o r  m o s t  o f  t h e  s m a l l
sources  covered by  the  exempt ion . E s s e n t i a l l y , t h e s e  r e g u l a t i o n s  p r o v i d i n g
for  exempt ions  were  based upon EPA’s  v iew (a  v iew wh ich  i t  con t inues  to  main-
t a i n  i s  c o r r e c t )  t h a t  m o s t  s o u r c e s  w i t h i n  t h e  e x e m p t e d  c a t e g o r i e s  p r e s e n t
runo f f - re la ted  p rob lems no t  suscep t ib le  to  the  conven t iona l  NPDES permi t  p ro -
gram, i n c l u d i n g  e f f l u e n t  l i m i t a t i o n s . EPA’s  pos i t ion  was and cont inues to
b e  t h a t  m o s t  r a i n f a l l  r u n o f f  i s  m o r e  p r o p e r l y  r e g u l a t e d  u n d e r  S e c t i o n  2 0 8  o f
t h e  F W P C A ,  w h e t h e r  o r  n o t  t h e  r a i n f a l l  h a p p e n s  t o  c o l l e c t  b e f o r e  f l o w i n g
i n t o  n a v i g a b l e  w a t e r s . A g r i c u l t u r a l  r u n o f f  f r e q u e n t l y  f l o w s  i n t o  d i t c h e s
o r  i s  c o l l e c t e d  i n  p i p e s  b e f o r e  d i s c h a r g i n g  t o  a  s t r e a m . EPA contended that
mos t  o f  these  sources  a re  nonpo in t  in  na tu re  and  shou ld  no t  be  covered  by  the
NPDES permit program. E P A  f e l t  t h a t  t h i s  w a s  a n  e x e r c i s e  o f  l i m i t e d  a d m i n i s -
t r a t i v e  d i s c r e t i o n  i n  e x c l u d i n g  t h e s e  b a s i c a l l y  n o n p o i n t  s o u r c e s  f r o m  t h e
permi t  p rogram and  the  bes t  means  fo r  ach iev ing  the  Congress iona l  in ten t  con-
s is ten t  w i th  the  language o f  the  FWPCA.
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React ion  and  Eva lua t ion- -
Q u i t e  n a t u r a l l y ,  f a r m e r s  w i t h  m o r e  t h a n  3 , 0 0 0  a c r e s  o f  l a n d  o b j e c t e d  t o

t h e  r e g u l a t i o n s . In  Idaho,  where  the  s ta te  agency  a t tempted  to  admin is te r  a
p e r m i t  p r o g r a m ,  f a r m e r s  j o i n e d  t o g e t h e r  t o  f i g h t  t h e  s y s t e m  i n  c o u r t .  T h e y
a r g u e d  t h a t  t h e  3 , 0 0 0 - a c r e  l i m i t a t i o n  w a s  o n l y  a r b i t r a r i l y  c h o s e n  w i t h o u t
d i r e c t  r e l a t i o n s h i p  t o  p o l l u t i o n  c o n t r i b u t i o n . O f f i c i a l s  i n  t h e  D e p a r t m e n t
o f  Eco logy  in  the  S ta te  o f  Wash ing ton  watched Idaho ’s  exper ience  and dec ided
to  imp lement  a  much  less  ob jec t ionab le  (bu t , e n t i r e l y  i n e f f e c t i v e )  p r o g r a m
of  i ssu ing  permi ts  on  waste  water  on ly  (excess  water  wh ich  had no t  been
a p p l i e d  t o  t h e  f i e l d s , bu t  was  wasted  back  in to  the  waterway) .  Th is  seems
t o  b e  a  c l e a r  i n d i c a t i o n  o f  t h e  i n f e a s i b i l i t y  o f  i m p l e m e n t i n g  t h e  N P D E S  p r o -
g r a m  a s  i t  w a s  o u t l i n e d  i n  t h e  a d m i n i s t r a t i v e  r e g u l a t i o n s .

Another  a t tack  on  the  regu la t ions  i ssued by  EPA came f rom the  env i ron-
m e n t a l  f r o n t . The Natural  Resources Defense Counci l  (NRDC) chal lenged the
e x e r c i s e  o f  t h e  A d m i n i s t r a t o r ’ s  d i s c r e t i o n  i n  e x e m p t i n g  c e r t a i n  s o u r c e s  o f
pol lut ion f rom the NPDES permit  program. I n  a  l a w  s u i t  f i l e d  i n  t h e  F e d e r a l
D i s t r i c t  C o u r t  f o r  t h e  D i s t r i c t  o f  C o l u m b i a ,  N R D C  c o n t e n d e d  t h a t  t h e  A d m i n -
i s t r a t o r  h a d  f a i l e d  t o  m e e t  t h e  l e g i s l a t i v e l y  i m p l i e d  o b l i g a t i o n  t o  d e l i n e -
a t e ,  b y  r e g u l a t i o n  o r  o t h e r w i s e , between point  and nonpoint  sources and had
i n s t e a d  s i m p l y  e x e m p t e d  p o r t i o n s  o f  w h a t  r e m a i n e d  c l a s s i f i e d  a s  p o i n t
sources. T h e  v e r y  i n c l u s i o n  o f  s o m e  s o u r c e s  o f  i r r i g a t i o n  r e t u r n  f l o w  ( a r e a s
o v e r  3 , 0 0 0  a c r e s )  i n  t h e  N P D E S  p r o g r a m  i s  t a k e n  t o  b e  a n  i m p l i e d  c l a s s i f i c a -
t i o n  o f  t h e s e  s o u r c e s  a s  p o i n t  s o u r c e s .

Defendants  T ra in  and  EPA con tended tha t  the  exempted  ca tegor ies  o f
s o u r c e s  a r e  o n e s  w h i c h  f a l l  w i t h i n  t h e  d e f i n i t i o n  o f  p o i n t  s o u r c e  b u t  w h i c h
a r e  i l l - s u i t e d  f o r  i n c l u s i o n  i n  a  p e r m i t  p r o g r a m . Po l lu tan ts ,  EPA main ta ined ,
a r e  b e s t  e l i m i n a t e d  f r o m  a g r i c u l t u r a l  d i s c h a r g e s  b y  “ p r o c e s s  c h a n g e s ”  w h i c h
p r e v e n t  p o l l u t a n t s  f r o m  e n t e r i n g  r u n o f f  r a t h e r  t h a n  b y  t r e a t i n g  t h e  d i s c h a r g e
by the “end-o f -p ipe ”  method . E P A  a r g u e d  t h a t  t h e  A c t  a n d  i t s  l e g i s l a t i v e
h i s t o r y  r e f l e c t  c o n g r e s s i o n a l  r e c o g n i t i o n  t h a t  s u c h  r u n o f f  i s  t o  b e  d e a l t  w i t h
in  a  nonpo in t  method . Moreover, i t  was  EPA’s  con ten t ion  tha t  the  t remendous
number  o f  sources  w i th in  the  exempted  ca tegor ies  wou ld  make  the  permi t  p ro -
gram unworkable. Faced  w i th  th is  p rob lem the  Admin is t ra to r  harmon ized  the
c o n f l i c t i n g  d e m a n d s  f o r  r e g u l a t i o n  o f  p o i n t  s o u r c e s  b y  e x e r c i s i n g  h i s  d i s -
c r e t i o n  u n d e r  t h e  p e r m i t  p r o g r a m  t o  e s t a b l i s h  t h e  c h a l l e n g e d  e x e m p t i o n s
(see 7 ERC 1881).

The  D is t r i c t  Cour t  ru led  in  favor  o f  NRDC and  on  June  10 ,  1975  i ssued
a  f i n a l  o r d e r  r e q u i r i n g  E P A  t o  p r o p o s e  a n d  p r o m u l g a t e  r e g u l a t i o n s  “ e x t e n d i n g
t h e  N P D E S  p e r m i t  s y s t e m  t o  i n c l u d e  a l l  p o i n t  s o u r c e s ”  i n  t h e  c o n c e n t r a t e d
an ima l  feed ing  opera t ion ,  separa te  s to rm sewer , a g r i c u l t u r a l  a n d  s i l v i c u l -
t u r a l  c a t e g o r i e s . Under  the  te rms o f  the  o rder ,  EPA was  to  p ropose  regu la -
t i o n s  e x t e n d i n g  t h e  p e r m i t  s y s t e m  t o  p o i n t  s o u r c e  d i s c h a r g e s  i n  t h e  a g r i c u l -
t u r a l  a n d  s i l v i c u l t u r e  c a t e g o r i e s  b y  F e b r u a r y  1 0 ,  1 9 7 6 .

A s  p a r t  o f  t h e  e f f o r t  t o  c a r r y  o u t  t h e  r e q u i r e m e n t s  o f  t h e  c o u r t  o r d e r ,
E P A  s o l i c i t e d  a n d  r e c e i v e d  i n f o r m a t i o n , s t a t i s t i c s  a n d  a d v i c e  f r o m  o t h e r
f e d e r a l  a g e n c i e s , s t a t e  a n d  l o c a l  o f f i c i a l s ,  t r a d e  a s s o c i a t i o n s ,  a g r i c u l t u r a l ,
s i l v i c u l t u r a l  a n d  e n v i r o n m e n t a l  g r o u p s  a n d  i n t e r e s t e d  m e m b e r s  o f  t h e  p u b l i c .
P u b l i c  m e e t i n g s  w e r e  h e l d  a c r o s s  t h e  c o u n t r y ;  t h o s e  i n  D e n v e r ,  P o r t l a n d
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( O r e g o n ) ,  l n d i a n a p o l i s , a n d  A t l a n t a  s p e c i f i c a l l y  c o n s i d e r e d  t h e  a g r i c u l t u r e
a n d  s i l v i c u l t u r e  c a t e g o r i e s . A t  each  o f  these  meet ings ,  persons  represen t ing
b o t h  p o t e n t i a l  p e r m i t t e e s  a n d  p e r m i t  i s s u i n g  a g e n c i e s  v o i c e d  s i g n i f i c a n t
oppos i t ion  to  the  deve lopment  o f  an  expanded permi t  sys tem wi th in  the  NPDES
program as  i t  had  been  admin is te red  to  da te . Many commenters pointed out
tha t  such  a  p rogram wou ld  requ i re  a  mass ive  commi tment  o f  resources ,  bo th  by
t h e  d i s c h a r g e r s  a n d  b y  t h e  i s s u i n g  a g e n c i e s , which would not be commensurate
w i t h  t h e  m o d e s t  p o l l u t i o n  r e d u c t i o n  g a i n e d  f r o m  t h e  p r o g r a m . They also
e m p h a s i z e d  t h a t  n u m e r i c a l  e f f l u e n t  l i m i t a t i o n s  a r e  i n a p p r o p r i a t e  f o r  p o l l u -
t ion  aba tement  f rom most  o f  these  po in t  sources ,  and  they  u rged  EPA to  con-
s i d e r  a l t e r n a t i v e  p o l l u t i o n  c o n t r o l  p r o c e s s e s  a n d  m e t h o d s  a s  a  b a s i s  f o r  a n y
proposed permit  system. F i n a l l y , several  commenters st rongly recommended
t h a t  E P A  r e c o n s i d e r  t h e  e x p l i c i t  l e g i s l a t i v e  h i s t o r y  o f  t h e  F W P C A  c o n c e r n i n g
a g r i c u l t u r a l  n o n p o i n t  s o u r c e s  a n d  a d a p t  t h e  p r o p o s e d  r e g u l a t i o n s  t o  t h e  l a n -
g u a g e  f r o m  t h a t  h i s t o r y . I n  g e n e r a l , mos t  pa r t i c ipan ts  s t rong ly  recommended
t h a t  E P A  d e v e l o p  f a c t o r s  t o  d i s t i n g u i s h  p o i n t  s o u r c e s  f r o m  n o n p o i n t  s o u r c e s ,
a n d  s u g g e s t e d  s p e c i f i c  c r i t e r i a  t o  d e s i g n a t e  m o s t  d i s c h a r g e s  f r o m  a g r i c u l -
t u r a l  a c t i v i t i e s  a s  n o n p o i n t  i n  n a t u r e  a n d  t h u s  n o t  s u b j e c t  t o  t h e  p e r m i t
program.

Resolut ion and Change--
Taking these comments, a s  w e l l  a s  t h e  l e g i s l a t i v e  h i s t o r y ,  t h e  s t a t u t o r y

language, the  NRDC vs  Tra in  dec is ion , a n d  t h e  t e c h n i c a l  d a t a  a v a i l a b l e  o n
a g r i c u l t u r a l  a c t i v i t i e s  i n t o  c o n s i d e r a t i o n , EPA examined the  re la t ionsh ip
be tween the  NPDES permi t  p rogram (wh ich  i s  des igned  to  con t ro l  and  e l im ina te
d i s c h a r g e s  o f  p o l l u t a n t s  f r o m  d i s c r e t e  p o i n t  s o u r c e s )  a n d  w a t e r  p o l l u t i o n
f r o m  a g r i c u l t u r a l  a c t i v i t i e s . On February 23, 1976, EPA proposed a new pro-
g r a m  f o r  d e a l i n g  w i t h  a g r i c u l t u r a l  a c t i v i t i e s .

T h e  n e w  r e g u l a t i o n s  s t a t e d  t h a t  w a t e r  p o l l u t i o n  f r o m  m o s t  a g r i c u l t u r a l
a c t i v i t i e s  i s  c o n s i d e r e d  n o n p o i n t  i n  n a t u r e  a n d  t h u s  n o t  s u b j e c t  t o  a n y  p e r -
m i t  r e q u i r e m e n t s . However, d i s c h a r g e s  o f  p o l l u t a n t s  i n t o  n a v i g a b l e  w a t e r s
th rough d isc re te  conveyances , w h i c h  r e s u l t  f r o m  t h e  c o n t r o l l e d  a p p l i c a t i o n
o f  w a t e r , a r e  c o n s i d e r e d  a g r i c u l t u r a l  a c t i v i t y  p o i n t  s o u r c e s . A new sec t ion ,
1 2 4 . 8 4 ,  w a s  a d d e d  t o  t h e  r e g u l a t i o n s  t o  s e t  f o r t h  t h e  d i s t i n c t i o n  b e t w e e n
po in t  and  nonpo in t  sources .

A g r i c u l t u r a l  a c t i v i t i e s , p a r t i c u l a r l y  i r r i g a t i o n ,  w h i c h  r e s u l t  i n  s u r f a c e
d ischarges : 1 )  w h i c h  c o n t a i n  p o l l u t a n t s ; a n d  2 )  w h i c h  r e s u l t  f r o m  t h e  c o n -
t r o l l e d  a p p l i c a t i o n  o f  w a t e r  b y  a n y  p e r s o n , a n d  w h i c h  a r e  n o t  c a u s e d  o r  i n i -
t i a t e d  s o l e l y  b y  n a t u r a l  p r o c e s s e s  a s  p r e c i p i t a t i o n ;  a n d  3 )  w h i c h  a r e  d i s -
c h a r g e d  f r o m  a  d i s c e r n i b l e , con f ined  and d isc re te  conveyance;  and  4 )  wh ich
a r e  d i r e c t l y  d i s c h a r g e d  i n t o  n a v i g a b l e  w a t e r s ;  a r e  s u b j e c t  t o  r e g u l a t i o n
under Sect ion 402, the NPDES permit  program (41 FR 7964).

I t  i s  c l e a r  t h a t  t h i s  d e f i n i t i o n  w o u l d  a p p l y  p r i m a r i l y  t o  i r r i g a t i o n
r e t u r n  f l o w  d i t c h e s . A l t h o u g h  t h e s e  d i t c h e s  a r e  c o n s i d e r e d  p o i n t  s o u r c e s ,
i n  m o s t  c a s e s  t h e r e  a r e  n o  c o n v e n t i o n a l  p e r m i t  r e q u i r e m e n t s  a t  t h i s  t i m e .
B e c a u s e  o f  t h e  l a c k  o f  p o l l u t i o n  c o n t r o l  t e c h n o l o g y ,  d i s c h a r g e s  o f  a g r i c u l -
t u r a l  w a s t e s  f r o m  a g r i c u l t u r a l  a c t i v i t y  p o i n t  s o u r c e s  a r e  p r o p o s e d  t o  b e
p e r m i t t e d  b y  g e n e r a l  p e r m i t ( s ) . The  p rocedures  fo r  i ssuance  o f  the  genera l
p e r m i t ( s )  w i l l  b e  p r o p o s e d  s i m u l t a n e o u s l y  w i t h  t h e  p r o m u l g a t i o n  o f  t h e s e
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r e g u l a t i o n s . U n l e s s  r e q u i r e d  b y  t h e  d i r e c t o r  o f  a  s t a t e  w a t e r  p o l l u t i o n  c o n -
t ro l  agency  o r  by  the  EPA Reg iona l  Admin is t ra to r  under  spec ia l  c i rcumstances ,
n o  o w n e r s  o r  o p e r a t o r s  o f  a g r i c u l t u r a l  p o i n t  s o u r c e s  a r e  r e q u i r e d  t o  a p p l y
f o r  o r  o b t a i n  i n d i v i d u a l  p o l l u t i o n  d i s c h a r g e  p e r m i t s . I t  i s  e x p e c t e d  t h a t
t h e  d i r e c t o r  o r  R e g i o n a l  A d m i n i s t r a t o r  w i l l  i m p o s e  i n d i v i d u a l  p e r m i t  r e q u i r e -
ments  on  owners  and  opera to rs  on ly  in  except iona l  cases .

EPA has  gone one  po l i cy  cyc le  thus  fa r  and  has  es tab l i shed  a  c lear -cu t
a d m i n i s t r a t i v e  r e g u l a t i o n  d e f i n i n g  a g r i c u l t u r a l  p o i n t  s o u r c e s . T h e r e  s t i l l
r e m a i n s  t h e  q u e s t i o n  o f  h o w  t h e  g e n e r a l  p e r m i t s ,  w h i c h  a r e  r e q u i r e d ,  w i l l
a c t u a l l y  b e  h a n d l e d . I t  i s  l i k e l y  t h a t  t h e i r  a d m i n i s t r a t i o n  w i l l  e l i c i t
r e a c t i o n  f r o m  a f f e c t e d  p a r t i e s  w h i c h  m a y  b r i n g  f u r t h e r  c h a n g e s . One reac t ion
t o  t h e  p r o p o s e d  r e g u l a t i o n s  i s  a l r e a d y  b r e w i n g  i n  t h e  w e s t e r n  s t a t e s . Many
i n  t h i s  p a r t  o f  t h e  c o u n t r y  c o n t e n d  t h a t  t h e  r e g u l a t i o n s  a r e  d i s c r i m i n a t o r y
a g a i n s t  f a r m e r s  w h o  c a n n o t  r e l y  o n  n a t u r a l  p r e c i p i t a t i o n  a n d  m u s t  u s e  c o n -
t r o l l e d  a p p l i c a t i o n  o f  w a t e r  t o  p r o d u c e  c r o p s , bu t  may  no t  necessar i l y  cause
m o r e  p o l l u t i o n  t h a n  n o n i r r i g a t i o n  f a r m e r s . Such  a  p ro tes t  has  been reg is -
t e r e d  b y  t h e  C o l o r a d o  R i v e r  W a t e r  C o n s e r v a t i o n  D i s t r i c t  w h i c h  a r g u e s  t h a t
C o n g r e s s  n e v e r  i n t e n d e d  t o  t r e a t  a g r i c u l t u r a l  a c t i v i t i e s  i n v o l v i n g  i r r i g a t i o n
r u n o f f  a n d  r e t u r n  f l o w  a s  p o i n t  s o u r c e  p o l l u t i o n  ( s e e  7  E R C  1 8 8 1 ,  N o t e  4 ) .

O n e  t h i n g  i s  c l e a r : t h e  e n d  i s  n o t  y e t  i n  s i g h t . Cons iderab le  d iscus-
s i o n , r e a c t i o n , d e b a t e ,  a d m i n i s t r a t i v e  a d j u s t m e n t ,  l i t i g a t i o n ,  a n d  l e g i s l a t i v e
a c t i o n  a r e  l i k e l y  t o  t a k e  p l a c e  b e f o r e  t h e  i s s u e s  o f  t h e  F W P C A ,  a s  i t  a p p l i e s
t o  a g r i c u l t u r e , a r e  f u l l y  r e s o l v e d .

G e n e r a l i z i n g  t h e  P r o b l e m  o f  A g r i c u l t u r a l  P o l l u t i o n

There  a re  many  ways  o f  approach ing  the  p rob lem o f  po ten t ia l  po l lu tan ts
f r o m  a g r i c u l t u r a l  c r o p l a n d .  E s s e n t i a l l y , there are two pr imary mechanisms
f o r  p o l l u t i o n  b y  i r r i g a t e d  a g r i c u l t u r e : 1 )  d i r e c t  r u n o f f  o f  a p p l i e d  s u r f a c e
w a t e r ; a n d  2 )  a r t i f i c i a l  d r a i n a g e  o f  i r r i g a t i o n  w a t e r  w h i c h  h a s  s e e p e d  b e l o w
t h e  r o o t  z o n e  o f  i r r i g a t e d  c r o p s . I n  a  d e s c r i p t i v e  f a s h i o n ,  w e  c a n  s e e  t h e
p o t e n t i a l  d e g r a d a t i o n  o f  w a t e r  q u a l i t y  t h r o u g h  w a t e r ,  l a n d  a n d  c h e m i c a l  u s e
i n  t h e  d e s c r i p t i v e  c a t e g o r i e s  o f  F i g u r e  1 1 . I n  t h i s  s c h e m e ,  t h e  p r i n c i p a l
p o l l u t a n t s  a s s o c i a t e d  w i t h  d i r e c t  s u r f a c e  r u n o f f  i n c l u d e  s e d i m e n t ,  p h o s p h a t e s
a n d  p e s t i c i d e s  ( a s  w e l l  a s  c r o p  r e s i d u e s  a n d  b a c t e r i a ) . P o l l u t a n t s  a s s o c i -
a t e d  w i t h  a r t i f i c i a l  d r a i n a g e  a r e  d i s s o l v e d  s o l i d s  ( s a l i n i t y )  a n d  n i t r a t e s .

I n  p h y s i c a l  t e r m s , t h e  m e c h a n i s m s  f o r  p o l l u t a n t  l o a d i n g  a s  w e l l  a s  t h e
e f f e c t s  o f  p o l l u t a n t s  a s s o c i a t e d  w i t h  i r r i g a t e d  a g r i c u l t u r e  h a v e  b e e n  o b -
s e r v e d  i n  a  v a r i e t y  o f  s t u d i e s . However, t h e  q u a n t i f i c a t i o n  o f  t h e  c a u s a l
r e l a t i o n s h i p  b e t w e e n  a g r i c u l t u r a l l y  d e r i v e d  w a s t e  l o a d s  a n d  i m p a i r e d  w a t e r
q u a l i t y  i s  v e r y  d i f f i c u l t  t o  d e f i n e  s i n c e  t h e  f o l l o w i n g  f a c t o r s  a r e  c r u c i a l
i n  s u c h  a  d e t e r m i n a t i o n : a )  t h e  c o m p l e x i t y  o f  t h e  w a s t e  l o a d i n g  p r o c e s s e s ;
b )  t h e  l a r g e  n u m b e r  o f  h i g h l y  l o c a l i z e d  c o n d i t i o n s  a f f e c t i n g  w a s t e  l o a d
g e n e r a t i o n ; a n d  c )  t h e  c o n t r i b u t i o n  o f  t h e  s a m e  t y p e  o f  p o l l u t a n t s  f r o m
o t h e r  s o u r c e s , na tu ra l  and  man- induced , w h i c h  c a n n o t  b e  q u a n t i f i e d  i n  t h e
l i t e r a t u r e  a t  t h i s  t i m e .

I t  i s  i n t e r e s t i n g  t o  n o t i c e  t h a t  m o s t  o f  t h e  c a t e g o r i e s  d e s c r i b e d  a b o v e
h a v e  b e e n  a l s o  r e f e r r e d  t o  i n  t h e  l i t e r a t u r e  a s  p o i n t  s o u r c e  c o n t r i b u t o r s
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sediment
phosphates
p e s t i c i d e s
crop t-es i dues
b a c t e r i a

d i s s o l v e d  s o l i d s  ( s a l i n i t y )
n i t r a t e s

-  L a n d  U s e

F igure  11 . P o t e n t i a l  c a u s e  o f  w a t e r  q u a l i t y  d e g r a d a t i o n .
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s i n c e  t h e  d i v i d i n g  l i n e  b e t w e e n  t h e m  a n d  t h e  n o n p o i n t  p o l l u t i o n  i s  t h e  e x t e n t
to which pol lutants are discharged by man-made conveyance. T h e  d i s t i n c t i o n
b e t w e e n  p o i n t  a n d  n o n p o i n t  p o l l u t i o n  i s  n o t  o n l y  o n e  o f  h i g h  m e t h o d o l o g i c a l
i m p o r t a n c e ,  b u t  a l s o  o n e  t h a t  c e n t r a l l y  d e t e r m i n e s  t h e  p o l i t i c a l  r a m i f i c a -
t i o n s  o f  c o n t r o l l i n g  d e g r a d a t i o n  o f  w a t e r  q u a l i t y  f r o m  a g r i c u l t u r a l  s o u r c e s .

A s  o u t l i n e d  p r e v i o u s l y  i n  t h e  d i s c u s s i o n  o f  t h e  l e g a l  b a c k g r o u n d ,  t h e
m a j o r  v e h i c l e  f o r  i n s u r i n g  t h a t  p o i n t  s o u r c e s  c o m p l y  w i t h  t h e  e f f l u e n t  l i m i t -
a t ions  es tab l i shed by  EPA pursuant  to  Sec t ion  301 and 304 is  Sec t ion  402 o f
t h e  A c t  w h i c h  e s t a b l i s h e s  t h e  N a t i o n a l  P o l l u t a n t  D i s c h a r g e  a n d  E l i m i n a t i o n
System (NPDES). T h e  i s s u i n g  o f  p e r m i t s  f o r  t h e  d i s c h a r g e  o f  a n y  p o l l u t a n t s
e s t a b l i s h e s  t h e  c o n d i t i o n s  u n d e r  w h i c h  t h e  t e r m  “ d i s c h a r g e  o f  a  p o l l u t a n t ”
m a y  b e  t r a c e d  t o  a n y  d i s c e r n i b l e , we l l -de f ined  and  t raceab le  conveyance  f rom
which  po l lu tan ts  a re  o r  may  be  d ischarged .

I t  w o u l d  b e  t o r t u r o u s  t o  f u r t h e r  e l a b o r a t e  w h a t  e n s u i n g  l e g a l  a n d  i n t e r -
p re t i ve  a rguments  have  b rought  about . I t  i s  o b v i o u s ,  h o w e v e r ,  t h a t  b o t h  t h e
i n t e r p r e t a t i o n  o f  t h e  l a w  a s  w e l l  a s  p r e v a i l i n g  p r a c t i c e s  c o n f i r m  t h e  s t a t e -
ments  made dur ing  the  hear ings  concern ing  the  complex i t y  o f  the  wate r  po l lu -
t i o n  c o n t r o l  l e g i s l a t i o n . A s  i t  w a s  s t a t e d  t h e n ,  b y  S e n a t o r  M u s k i e ,  n o  b i l l
consumed so much t ime, demanded so much at tent ion to detai l ,  and required
such  a rduous  e f fo r ts  to  reach  f ina l  ag reement  as  d id  the  1972  Ac t . The Act,
a  document  o f  more  than  89  pages  o f  f i ne  p r in t , i s  indeed one  o f  the  mos t
c o m p l i c a t e d  p i e c e s  o f  l e g i s l a t i o n  e v e r  t o  e m e r g e  f r o m  t h e  C o n g r e s s ,  a n d  i t
a p p e a r s  t h a t  i t  h a s  n o t  b e e n  c o m p l e t e l y  u n d e r s t o o d  b y  s o m e  o f  t h e  l e g i s l a t o r s
and  by  some o f  those  charged  w i th  imp lement ing  the  leg is la t ion . I f  n o t h i n g
e l s e , t h e r e  h a s  b e e n  a n d  t h e r e  i s  s t i l l  s t r o n g  d i s a g r e e m e n t  b e t w e e n  t h e
auth
o v e r
t i o n

cond

r s  o f  t h e  A c t ,  E P A  o f f i c i a l s ,  a s  w e l l  a s u s e r s  a t  t h e  e n d  o f  t h e  l i n e ,
many o f  the  key  prov is ions  o f  the  Ac t  and o v e r  t h e  g e n e r a l  w a t e r  p o l l u -
c o n t r o l  s t r a t e g y  t o  b e  f o l l o w e d ,  e s p e c i a l l y  i n  w e s t e r n  s t a t e s .

T h e  i m p o r t a n t  a r g u m e n t  f o r  u s  i s  t h a t  t h e
t i o n s  a n d  a n  a r g u m e n t  t h a t  i s  s t i l l  b e i n g

A c t  s e t  i n t o  m o t i o n  a  s e t  o f
debated  in  the  f ie ld  and  whose

i n t e r p r e t a t i o n  p r o v i d e s  m a n y  o f  t h e  d i f f i c u l t i e s  i n  e f f o r t s  t o  i m p l e m e n t  w h a t
many  peop le  cons ider  imposs ib le  s tandards  and  c r i te r ia . Q u e s t i o n s  o u t  i n  t h e
f i e l d  h a v e  t o  d o  w i t h  t h e  e x t e n t  t o  w h i c h  t h e  v a r i o u s  w a t e r  q u a l i t y  s t a n d a r d s
w i l l  b e  c h a r a c t e r i z e d  b y  c o o p e r a t i o n  a n d  n e g o t i a t i o n  b e t w e e n  g o v e r n m e n t  l e v -
e l s ; t h e  p e r s o n s  w h o  w i l l  p a r t i c i p a t e  i n  s u c h  a c t i v i t i e s ;  t h e  e s t a b l i s h m e n t
of  management pract ices; t h e  a c t i o n s  n e c e s s a r y  t o  i m p l e m e n t  t h e  p a r t i c u l a r
requirements; etc.

Forg ing  th is  new na t iona l  p rogram fo r  wate r  qua l i t y  was  no t  a  s imp le  ac t - -
o f  i n t e r p r e t a t i o n  a n d  e n f o r c e m e n t .
o v e r  f i v e  y e a r s ,

S ince  i t  has  been  under  deve lopment  fo r
a  d i v e r s i t y  o f  o p i n i o n s  o n  t h e  g o a l s  a n d  t h e  c o m p l e x i t y  o f

a c h i e v i n g  w a t e r  q u a l i t y  h a s  c r e a t e d  r a t h e r  p o l a r i z e d  o p i n i o n s  a s  t o  t h e  d i f -
fe rences  be tween the  a r id  West  and  the  humid  Eas t ;  as  to  the  con f l i c t ing  and
c o m p e t i n g  p u r p o s e s  o f  i n d u s t r y  a n d  a g r i c u l t u r e ; a s  t o  l o c a l  v e r s u s  r e g i o n a l
o r  n a t i o n a l  i n t e r e s t s ;  a n d , a s  t o  t h e  v a r i e t y  o f  m y r i a d s  o f  t e c h n i c a l ,  e c o -
nomic, p o l i t i c a l , a n d  s o c i a l  f a c t o r s  a f f e c t i n g  t h e  l e t t e r  a n d  s p i r i t  o f  t h e
p a r t i c u l a r  l e g i s l a t i o n .

46



P e r h a p s  t h e  m o s t  i m p o r t a n t  p o i n t  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  l a w  h a s
b e e n  t h e  u n i v e r s a l  r e c o g n i t i o n  t h a t  b a s i n g  c o m p l i a n c e  a n d  e n f o r c e m e n t  e f f o r t s
o n  a  c a s e - b y - c a s e  j u d g m e n t  o f  a  p a r t i c u l a r  f a c i l i t y  o r  a r e a  o f  i m p a c t  o n  t h e
e x i s t i n g  w a t e r  q u a l i t y  i s  b o t h  s c i e n t i f i c a l l y  a n d  a d m i n i s t r a t i v e l y  d i f f i c u l t .
A t  the  same t ime, t o  t r y  t o  b r i n g  t o g e t h e r  t h e  v a r i e t y  o f  l o c a l  c o n d i t i o n s
a n d  t h e  p a r t i c u l a r i t i e s  i n v o l v e d  i n  t h e  i n v i s i b l e  a n d  d i f f i c u l t - t o - t r a c k -
d o w n  c a t e g o r i e s  o f  a g r i c u l t u r a l  p o l l u t i o n  h a v e  a l s o  g e n e r a t e d  a n  a r g u m e n t ,
c o m p o u n d e d  b y  e x i s t i n g  s o c i o - c u l t u r a l  p r a c t i c e s  i n  t h e  a r i d  W e s t ;  t h e  l e g a l
l i m i t s  a s  t o  b e n e f i c i a l  u s e  o f  w a t e r ;  a n d ,  g e n e r a l l y ,  b y  t h e  p r e c a r i o u s  c h a r -
a c t e r  o f  p r o t e c t i n g  r i g h t s  h i g h l y  d e p e n d e n t  o n  v a r y i n g  p h y s i c a l  c o n d i t i o n s
( i n  p a r t i c u l a r  t h e  i n f l u e n c e  o f  t h e  c u r r e n t  d r o u g h t  i n  t h e  W e s t  a n d  h o w  t h e
a r g u m e n t  i s  i n t e r p r e t e d  a n d  r e i n t e r p r e t e d  a s  t o  t h e  p r i o r i t i e s  o f  m a i n t a i n i n g
p r o d u c t i v i t y  u n d e r  a d v e r s e  e c o l o g i c a l  c o n d i t i o n s ) .

Y e t ,  t h e  h e a r t  o f  t h i s  w a t e r  q u a l i t y  p r o g r a m  r e m a i n s  a  p e r m i t  s y s t e m
w h i c h  e s t a b l i s h e s  a  d i s t i n c t  n e w  p a t t e r n  o f  f e d e r a l - s t a t e  r e l a t i o n s  i n  w a t e r
qual i ty  management. This program, w h i c h  w a s  e s t a b l i s h e d  b y  t h e  P r e s i d e n t  i n
1970 under  the  Refuse  Ac t  o f  1899 ,  was  in i t i a ted  as  a  means  to  acce le ra te
a n d  s t r e n g t h e n  c l e a n - u p  e f f o r t s  p e n d i n g  n e w  l e g i s l a t i o n . The permit mecha-
n i s m  h a d  t h e  v i r t u e  o f  e s t a b l i s h i n g  f o r  t h e  f i r s t  t i m e  a  c o m p r e h e n s i v e
i n f o r m a t i o n - g a t h e r i n g  s y s t e m  e s p e c i a l l y  f o r  i n d u s t r i a l  e f f l u e n t s . A t  t h e
same time, i t  p r o v i d e d  f o r  e a c h  d i s c h a r g i n g  f a c i l i t y  a  s p e c i f i c  t r e a t m e n t
and  t imetab le  to  e l im ina te  hagg l ing  and  uncer ta in t ies  be tween government
a n d  i n d u s t r i e s .

N o b l e ,  u s e f u l  a n d  f a r - r e a c h i n g  a s  t h i s  p r o v i s i o n  m a y  h a v e  b e e n ,  t h e
j u m p i n g  f r o m  t h e  p o i n t , w e l l - d e f i n e d  p o l l u t i o n  o f  i n d u s t r y  a n d  t h e  p e r m i t
s y s t e m  t h a t  c h a r a c t e r i z e  s u c h  a n  a p p r o a c h  t o  t h e  p a r t i c u l a r i t i e s  o f  a g r i c u l -
t u r a l  p o l l u t i o n  a n d ,  t h e r e f o r e ,  t h e  t r a c k i n g  d o w n  o f  “ n o n p o i n t  s o u r c e s ”  o f
p o l l u t i o n  r e q u i r e d  a  v e r y  d i f f i c u l t  m e t h o d o l o g i c a l  a n d  a d m i n i s t r a t i v e  d e t e r -
m i n a t i o n  a s  t o  w h a t  i s  “ p o i n t ”  a n d  w h a t  i s  “ n o n p o i n t ”  p o l l u t i o n ,  t h e  e l a b o r -
a t i o n  o f  t h e  p h y s i c a l  d i m e n s i o n s  o f  t h e  p r o b l e m ,  a n d  t h e  a g o n i z i n g ,  s l o w
process of  acceptance and enforcement.

I t  may  have  been un fo r tuna te , bu t  the  permeat ing  sp i r i t  o f  the  NPDES
program has  c rea ted  hard  fee l ings  be tween those  who ins is t  on  the  permi t
p rogram as  a  ma jo r  a t tack  o f  p rov id ing  bo th  in fo rmat ion  and  the  means  fo r
p r o d u c i n g  t h e  b i g g e s t  p a y o f f  i n  w a t e r  q u a l i t y  a n d  f o r  w h i c h  i m p l e m e n t a t i o n
i s  f e a s i b l e  n o w ; and those  who be l ieve  tha t  nonpo in t  sources ,  such  as  fa rm-
l a n d  r u n o f f  o f  s o i l  a n d  f e r t i l i z e r , a r e  i m p o s s i b l e  t o  t r a c k  d o w n ,  a n d  t h a t  a
p e r m i t  s y s t e m  i s  e s s e n t i a l l y  u n e c o n o m i c a l  a n d  i n  t h e  l o n g  r u n  c o u n t e r p r o d u c -
t i v e  t o  t h e  e f f o r t s  o f  a g r i c u l t u r a l  e f f i c i e n c y . T h i s  s i t u a t i o n  w a s  f u r t h e r
m a d e  d i f f i c u l t  b y  t h e  N a t u r a l  R e s o u r c e s  D e f e n s e  C o u n c i l  v .  T r a i n  d e c i s i o n ,
w h i c h  i n  e f f e c t  f o r c e d  E P A  t o  i s s u e  e f f l u e n t  g u i d e l i n e s  f o r  e a c h  o f  t h e  p r e -
v i o u s l y  e x c l u d e d  s o u r c e s ,  d e f i n i n g  t r e a t m e n t  n e c e s s a r y  b y  1 9 7 7  a n d  1 9 8 3 .  I f
d i s c h a r g e  p e r m i t s  w i l l  h a v e  t o  b e  i s s u e d ,  g i v e n  t h e  e x i s t i n g  l a g  i n  e f f l u e n t
g u i d e l i n e  d e v e l o p m e n t  a n d  t h e  h a r d  f e e l i n g s  g e n e r a t e d  b y  t h i s  p a r t i c u l a r
approach, s i g n i f i c a n t  a d m i n i s t r a t i v e  p r o b l e m s  a r e  p o s e d  t h a t  a f f e c t  i m p l e -
m e n t a t i o n  e f f o r t s .

In  con fo rmance w i th  the  1975 dec is ion , E P A  h a s  m o d i f i e d  i t s  d e f i n i t i o n
o f  p o i n t  s o u r c e s , b u t  s t i l l  a t t e m p t s  t o  e x c l u d e  t h e  s m a l l e s t  a c t i v i t i e s .
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The di lemma here becomes rather obvious. G i v e n  t h e  f a c t  t h a t  a  n u m b e r  o f
s t u d i e s  h a v e  a l r e a d y  p o i n t e d  o u t  t h a t  r e g u l a t i o n  o f  p o i n t  s o u r c e  d i s c h a r g e s
a l o n e  w i l l  n o t  i m p r o v e  w a t e r  q u a l i t y  e n o u g h  t o  m e e t  t h e  g e n e r a l  n a t i o n a l
w a t e r  q u a l i t y  g o a l s , increased urgency permeates a desired comprehensive pro-
g r a m  f o r  r e m o v i n g  p o l l u t a n t  l o a d i n g s  f r o m  n a t u r a l  s o u r c e s ,  u n r e g u l a t e d  a g r i -
c u l t u r a l  a c t i v i t i e s , u r b a n  s t o r m w a t e r  r u n o f f ,  a n d  o t h e r  n o n p o i n t  s o u r c e s .  T o
d e a l  w i t h  n o n p o i n t  s o u r c e  p o l l u t i o n , EPA p lans  to  re ly  upon  the  reg iona l
comprehens ive  p lann ing  requ i red  by  Sec t ion  208  o f  the  Federa l  Water  Po l lu t ion
C o n t r o l  A c t .  H o w e v e r , no  add i t iona l  Sec t ion  208  p lann ing  agenc ies  have  been
funded s ince  Ju ly  1 ,  1975 . S o ,  a t  t h i s  t i m e  i t  i s  n o t  c l e a r  w h e t h e r  t h e
a g e n c i e s  g i v e n  t h i s  p l a n n i n g  r e s p o n s i b i l i t y  h a v e  e i t h e r  t h e  n e c e s s a r y  a u t h o r -
i t y  o r  a c c e s s  t o  a d e q u a t e  f i n a n c i a l  a n d  t e c h n i c a l  r e s o u r c e s  t o  c o p e  w i t h  a
nonpoint  source problem.

I t  i s  a p p a r e n t  b y  n o w  t h a t  t h e  n o n p o i n t  s o u r c e s  o f  p o l l u t i o n  l o o m  a s  a n
omnipresen t  background i ssue  over  many  o f  the  cur ren t  s ta te  wate r  qua l i t y
programs. S i n c e  t h e r e  i s  a  p e r v a s i v e  f e e l i n g  t h a t  p o l l u t a n t s  t h a t  a r e  n o t
d i s c h a r g e d  f r o m  i d e n t i f i a b l e  o r  d i s c r e t e  o u t f l o w s  a r e  o f t e n  c o n s i d e r e d  o u t -
s i d e  t h e  s c o p e  o f  t h e  s t a t e  c o n t r o l  e f f o r t s , t h e r e  i s   l i t t l e  r e g u l a t o r y
a t t e n t i o n  d i r e c t e d  t o w a r d s  t h i s  e n o r m o u s  q u a n t i t y  o f  p o l l u t a n t  m a t e r i a l  w h i c h
r e a c h e s  t h e  n a t i o n ’ s  s t r e a m s  t h r o u g h  r u n o f f , drainage f rom mines and other
excava t i ons , a n d  r e t u r n  f l o w s  f r o m  i r r i g a t i o n . In essence, the law has
es tab l i shed  a  genera l  sp i r i t  and  approach  tha t  con fo rms w i th  the  popu la r
d e m a n d  f o r  c o n t r o l l i n g  p o l l u t i o n  f r o m  a l l  s o u r c e s  ( p o i n t  a n d  n o n p o i n t ) .
However, t h e  e x p l o r a t i o n  o f  t h e  c h a r a c t e r  a n d  d i s t r i b u t i o n  o f  m a j o r  n o n p o i n t
s o u r c e s  r e q u i r e s  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e i r  p o t e n t i a l  p o l l u t i o n  a n d  o f
what can be done. T h e  t a s k  i s  c o m p o u n d e d  b y  t h e  i n a b i l i t y  t o  t r a c k  d o w n
e x a c t  b a s e l i n e  c o n d i t i o n s ; a n d  b y  d i f f i c u l t i e s  i n  d e v e l o p i n g  a  s p i r i t  o f
coopera t ion  and  negot ia t ion  be tween the  Federa l  Government ,  s ta te  au thor i -
t i e s ,  a n d ,  f i n a l l y , t h e  u l t i m a t e  w a t e r  u s e r s .

By  now the  po in t  o f  the  above d iscuss ion  shou ld  be  obv ious : i f  p e o p l e
do  no t  ag ree  as  to  the  na tu re  o f  the  p rob lem, t h e  w i s d o m  o f  c e r t a i n  p r o v i s i o n s
o f  t h e  A c t ,  a n d  a s  t o  t h e  f e a s i b i l i t y  o f  p r o p o s e d  s o l u t i o n s ,  t h e n  i m p l e m e n t a -
t i o n  b e c o m e s  i m p o s s i b l e  a n d  a  f e r t i l e  c l i m a t e  o f  d i s s e n t i o n  a n d  c r o s s - p u r p o s e
n e g a t e s  t h e  a c h i e v e m e n t  o f  c o l l e c t i v e  g o a l s . However, our  approach  in  the
present  s tudy  was  no t  to  assume tha t  NPDES wou ld  be  our  gu id ing  s ta r . I n -
s t e a d , a s  a n  i n t e r d i s c i p l i n a r y  t e a m  w e  b e g a n  b y  j u x t a p o s i n g  a l t e r n a t i v e s  a n d
s t r a t e g i e s ,  b y  o b t a i n i n g  l o c a l  r e s p o n s e s  a s  t o  s o l u t i o n s  t o  i r r i g a t i o n  r e t u r n
f l o w  c o n t r o l  p r o b l e m s ,  a n d  b y  a t t e m p t i n g  t o  s y n t h e s i z e  w h a t  i s  t e c h n i c a l l y
f e a s i b l e ,  l e g a l l y  a p p r o p r i a t e  a n d  s o c i o - e c o n o m i c a l l y  i m p l e m e n t a b l e .  W h i l e
t h e  b a c k g r o u n d  s p i r i t  o f  P . L .  9 2 - 5 0 0  l o o m s  i n  a l l  o u r  d i s c u s s i o n s ,  t h e
approach  fo l l owed  began  f rom spec i f i c  p rob lems , b a c k t r a c k e d  t o  a p p r o p r i a t e
s t r a t e g i e s ,  a n d , f i n a l l y ,  c o n s i d e r e d  t h e  i n s t i t u t i o n a l  a r r a n g e m e n t s  a n d
r e a r r a n g e m e n t s  f o r  m e e t i n g  t h e  q u e s t  o f  i m p l e m e n t i n g  p o l i c i e s  f o r  c o n t r o l l i n g
i r r i g a t i o n  r e t u r n  f l o w .

PARAMETERS OF INVESTIGATION

T h e  d i s c u s s i o n  o f  t h e  p a r a m e t e r s  o f  t h e  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y
p r o b l e m  r e v o l v e s  a r o u n d  a n  i d e n t i f i c a t i o n  o f  t h e  p a r t i c u l a r  c a u s e s  o f  t h e
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p r o b l e m  i n  o r d e r  t o  e s t a b l i s h  a  b a s i s  f o r  i d e n t i f y i n g  p o t e n t i a l  s o l u t i o n s .
T h e  b r i e f  r e m a r k s  t h a t  f o l l o w  i n  t h i s  s e c t i o n  o u t l i n e  l e g a l  c o n d i t i o n s  a n d
management  p rac t i ces ;  phys ica l  d imens ions ;  and , soc io -economic  cons idera t ions .

M u c h  o f  t h e  f o c u s  i n  i r r i g a t e d  a g r i c u l t u r e  h a s  b e e n  t o  e x p a n d  e x i s t i n g
i r r i g a t i o n  s y s t e m s  b y  i n c r e a s i n g  t h e  w a t e r  s u p p l y ,  r a t h e r  t h a n  i m p r o v i n g  t h e
u s e  e f f i c i e n c y  o f  e x i s t i n g  w a t e r  s u p p l i e s  t o  m o r e  e f f e c t i v e l y  p r o d u c e  c r o p s
a n d  r e d u c e  t h e  q u a n t i t y  o f  r e t u r n  f l o w s . F a r m e r s  g e n e r a l l y  p e r c e i v e  t h e  s o l -
u t ions  to  wate r  p rob lems as  revo lv ing  a round more  water  supp ly ;  indeed,  many
o f  t h e  e x i s t i n g  i n s t i t u t i o n a l  m e c h a n i s m s  f o r  a s s i s t i n g  i r r i g a t e d  a r e a s  f a c i -
l i t a t e  t h i s  a p p r o a c h .  A s  a  c o n s e q u e n c e , m a n y  i r r i g a t e d  a r e a s  a r e  o v e r i r r i -
g a t e d  w h i c h  r e s u l t s  i n  l a r g e  q u a n t i t i e s  o f  i i r i g a t i o n  r e t u r n  f l o w s . In many
c a s e s  t h e s e  r e t u r n  f l o w s  r e s u l t  i n  s i g n i f i c a n t  w a t e r  q u a l i t y  d e g r a d a t i o n .  I n
such cases, t h e r e  i s  a  d i r e c t  r e l a t i o n  b e t w e e n  t h e  i n e f f i c i e n t  u s e  o f  w a t e r
a n d  t h e  r e s u l t i n g  w a t e r  p o l l u t i o n . A l l e v i a t i n g  w a t e r  q u a l i t y  d e g r a d a t i o n
f r o m  i r r i g a t e d  a g r i c u l t u r e  w i l l ,  i n  m o s t  c a s e s ,  r e q u i r e  i n c r e a s i n g  t h e  e f f i -
c i e n c y  o f  w a t e r  u s e , wh ich  invo lves  improv ing  water  management  p rac t i ces .

In  improv ing  wate r  management  p rac t i ces , t h e r e  e x i s t  a  n u m b e r  o f  i n s t i t u -
t i o n a l i z e d  c o n s t r a i n t s  w h i c h  m a k e  t h e  a c t u a l  a c c e p t a n c e  o f  p r o p o s e d  p r a c t i c e s
d i f f i c u l t . S u c h  p r a c t i c e s  r e q u i r e  t h a t  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n -
t r o l  i n c l u d e  b o t h  d i m e n s i o n s  o f  t h e  r e s o u r c e  p r o b l e m - - w a t e r  q u a n t i t y  a n d
w a t e r  q u a l i t y . Separa te  ca tegor ies  o f  laws  have  evo lved  fo r  each  d imens ion ,
each  tak ing  on  charac te r i s t i cs  wh ich  con t r ibu te  to  the  p rob lem and  compound
e f f o r t s  t o  i m p r o v e  t h e  q u a l i t y  o f  r e t u r n  f l o w s . These pract ices must employ
a  p r o g r a m  t h a t  w o u l d  i n c o r p o r a t e  c o o p e r a t i o n  b e t w e e n  o r g a n i z a t i o n a l  e n t i t i e s
a n d  t h e  i n d i v i d u a l  u s e r , someth ing  wh ich  is  no t  now present . I t  i s  t h e s e
c o n s t r a i n t s  t h a t  c o n s t i t u t e  a  m a j o r  p a r t  o f  t h e  p r o b l e m  a t  h a n d .

P r o b l e m s  o f  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  a r e  c o m p o u n d e d  b y  t h e  s p e c i -
f i c  p e r c e p t i o n s  o f  i n d i v i d u a l  f a r m e r s  r e g a r d i n g  p o l l u t i o n  a n d  t h e  g e o g r a p h i c
s i g n i f i c a n c e  o f  t h e  p r o b l e m . F a r m e r s  k n o w  t h a t  u s i n g  i r r i g a t i o n  w a t e r  w i l l
c a u s e  s o m e  d e g r a d a t i o n ,  b u t  t h e  p o i n t  a t  w h i c h  i t  b e c o m e s  s i g n i f i c a n t l y
d e t r i m e n t a l  a n d  w h o  i s  r e s p o n s i b l e  a r e  a  m a j o r  s o u r c e  o f  c o n t e n t i o n .  M a n y
f a r m e r s  e i t h e r  d o  n o t  p e r c e i v e  t h e  c o n s e q u e n c e s  o f  t h e i r  a c t i o n  o r  t h e y
b e l i e v e  t h a t  w i t h  t h e  e x i s t i n g  m e a n s  o f  i r r i g a t i n g  ( w h i c h  a r e  t h e  c o r r e c t
means), t h e  l e v e l  o f  p o l l u t i o n  i s  n a t u r a l  a n d ,  t h e r e f o r e ,  a c c e p t a b l e . There
i s  a l s o  t h e  l a c k  o f  a  b r o a d e r  p e r c e p t i o n  i n v o l v i n g  t h e  r e g i o n a l  n a t u r e  o f
the  p rob lem,  s ince  fa rmers  a re  ma in ly  concerned  abou t  the i r  own p roper ty .
T h e  c r i t i c a l  p o i n t  i s  t h a t  a  w a t e r  u s e r ’ s  p e r c e p t i o n  o f  t h e  f a r m i n g  s i t u a t i o n
a n d  t h e  p r o b l e m  o f  w a t e r  q u a l i t y  i n  p a r t i c u l a r  d i c t a t e s  h o w  t h a t  p e r s o n  w i l l
a c c e p t  a n y  i n n o v a t i v e  t e c h n o l o g y  t o  s o l v e  a  g i v e n  “ p r o b l e m . ”

T h e  a b o v e  d i s c u s s i o n  r e l a t e s  s o m e  o f  t h e  d i f f i c u l t i e s  i n  g a i n i n g  p o p u l a r
s u p p o r t  f o r  t h e  n e c e s s i t y  t o  a l l e v i a t e  w a t e r  q u a l i t y  d e g r a d a t i o n  f r o m  i r r i -
g a t e d  a g r i c u l t u r e . The  hear t  o f  t he  ma t te r  and  a  ma jo r  cause  o f  t he  p rob lem
i s  t h e  u s e  o f  t o o  m u c h  w a t e r ;  t h u s , a  c e n t r a l  c o n s t r a i n t  t o  i m p r o v i n g  w a t e r
u s e  e f f i c i e n c y  i n  t h e  W e s t  i s  t h e  p r e s e n t  s y s t e m  o f  w a t e r  l a w  a d m i n i s t r a t i o n .
W a t e r  i s  a l l o c a t e d ,  d i s t r i b u t e d  a n d  a d m i n i s t e r e d  u n d e r  a  b o d y  o f  l a w  w h i c h
g r a n t s  t o  t h e  u s e r  a  w a t e r  r i g h t  s y n o n y m o u s  t o  t h e  p r o p e r t y  r i g h t  i n t e r e s t
one  can  acqu i re  to  land . T h e  w a t e r  r i g h t  i s  n o t  o n e  o f  a b s o l u t e  o w n e r s h i p ,
b u t  r a t h e r  o n e  f o r  t h e  u s e  o f  w a t e r  o n l y  a n d  s u b j e c t  t o  s p e c i f i c  c o n d i t i o n s
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a n d  c o n c e p t s  w h i c h  t h e o r e t i c a l l y  a r e  p r e s c r i b e d  t o  p r o t e c t  t h e  p u b l i c  a n d
o t h e r  u s e r s .

U n t i l  t h e  p a s t  f e w  d e c a d e s , water used for irrigation was not consider-
e d  a  t y p e  o f  u s e  t h a t  r e q u i r e d  s t r i c t  a p p l i c a t i o n  a n d  e n f o r c e m e n t  o f  t h e  l a w
t o  a c h i e v e  w a t e r  q u a l i t y  g o a l s . I n  f a c t ,  m a n y  o f  t h e  c o n c e p t s  a n d  c o n d i t i o n s
p r o v i d e d  g u i d e l i n e s  f o r  a l l o c a t i o n  a n d  d i s t r i b u t i o n  w i t h  i m p l e m e n t a t i o n  c a r -
r ied  ou t  when the  water  r igh t  was  g ran ted  and therea f te r  on ly  when severe
abuse  occur red  o r  ano ther  user  comp la ined .

T h e  p r i m a r y  e l e m e n t s  o f  t h e  w a t e r  q u a n t i t y  l a w  w h i c h  c o n t r i b u t e  t o  b o t h
t h e  p r o b l e m  o f  d e g r a d e d  r e t u r n  f l o w s  a n d  e f f o r t s  t o  i m p r o v e  t h e  q u a l i t y  a r e :

* F a i l u r e  t o  e n f o r c e  l e g a l  c o n d i t i o n s  f o r  w a t e r  u s e ,  n a m e l y ,  b e n e f i c i a l
use and nonwaste.

* C o n s t r a i n t s  i n  t h e  l a w  w h i c h  p r e v e n t  t h e  t r a n s f e r  o f  e x c e s s  a n d  s a v e d
w a t e r  t o  o t h e r  l a n d s  o r  u s e r s  w h e r e  i t  c o u l d  m o r e  e f f e c t i v e l y  b e  u s e d .

* L a c k  o f  a d e q u a t e  r e c o g n i t i o n  o f  t h e  l e g a l  d u t y  t o  i n c l u d e  w a t e r  q u a l i t y
c o n t r o l  a s  a n  a t t r i b u t e  o f  t h e  w a t e r  r i g h t  t o  b e  e n f o r c e d  p a r t i c u l a r l y
b y  i r r i g a t e d  d i s t r i c t s .

* R e s t r i c t i o n s  o r  d e f i c i e n c y  i n  t h e  l a w  o n  t h e  u s e  o f  l o w - c o s t  f u n d i n g
f r o m  s t a t e / f e d e r a l  p r o g r a m s  f o r  w a t e r  q u a l i t y  c o n t r o l .

T h e s e  f o u r  f a c t o r s  p r o v i d e  t h e  e x p l a n a t i o n  f o r  w a t e r  u s e r  c o n d u c t  a s  w e l l  a s
c o n s t r a i n t s  t o  a d o p t i o n  o f  m o r e  e f f i c i e n t  p h y s i c a l  a n d  t e c h n i c a l  s o l u t i o n s
t h a t  m a y  n o t  o n l y  i m p r o v e  t h e  q u a l i t y  o f  r e t u r n  f l o w s ,  b u t  a l s o  i n c r e a s e
c r o p  p r o d u c t i o n .

T h e  d o c t r i n e  o f  p r i o r  a p p r o p r i a t i o n  h a s  l e d  w a t e r  u s e r s  i n t o  a  c o n t i n u -
a l  d i v e r s i o n  o f  t h e i r  f u l l  “ w a t e r  r i g h t ” f o r  f e a r  o f  l o s s  o f  t h i s  r i g h t  i f
t he  fu l l  amoun t  were  no t  used . There fo re , users have been unwilling to sell,
r e n t  o r  l e a s e  a n y  p o r t i o n  o f  t h e i r  w a t e r  r i g h t ,  w h i c h  c o u l d  h a v e  l e a d  t o
e c o n o m i c  b e n e f i t s  t o  b o t h  p a r t i e s , a s  w e l l  a s  m o r e  e f f i c i e n t  u s e  o f  t h e
resource. T h e r e  h a s  b e e n  n o  m a r k e t  f o r  r e a l l o c a t i n g  i r r i g a t i o n  w a t e r .
Farmers  have  a lso  been  ab le  to  pass  on  to  downs t ream wate r  users  par t  o f  the
c o s t s  o f  p r o d u c t i o n  i n  t h e  f o r m  o f  p o l l u t i o n .

T h e  p r e s e n t  i n s t i t u t i o n a l  a r r a n g e m e n t  a l l o c a t e s  w a t e r  o n  t h e  b a s i s  o f  a
p r i o r i t y  o f  r i g h t s  r a t h e r  t h a n  o n  t h e  v a l u e  o f  u s e . T h e  p r i c e  o f  w a t e r  i s
g e n e r a l l y  t h e  c o s t  o f  i t s  c o n v e y a n c e  t o  t h e  f a r m  a n d  d o e s  n o t  r e p r e s e n t  t h e
v a l u e  o f  o p p o r t u n i t i e s  f o r e g o n e . T h e  r e s u l t  i s  t h a t  t h e  u s e  o f  w a t e r  i s  n o t
c o m p e t i t i v e ; i t  i s  n o t  a l l o c a t e d  t o  i t s  h i g h e s t  v a l u e d  u s e ;  a n d  i t s  r e l a -
t i v e l y  l o w  p r i c e  c a u s e s  i t  t o  b e  e x c e s s i v e l y  a p p l i e d .

W i t h  t h e  e x c e p t i o n  o f  i r r i g a t i o n  w a t e r ,  f a r m  i n p u t s  a r e  a l l o c a t e d
through markets. L a b o r  a n d  c a p i t a l ,  f o r  e x a m p l e ,  a r e  a l l o c a t e d  a n d  p r i c e d
t h r o u g h  m a r k e t s  a c c o r d i n g  t o  t h e  v a l u e  o f  t h e i r  u s e . Consequent ly ,  water
t e n d s  t o  b e  r e l a t i v e l y  c h e a p , s o  t h a t  p r o f i t - m a x i m i z i n g  f a r m e r s  r a t i o n a l l y
s u b s t i t u t e  w a t e r  f o r  c a p i t a l  a n d  l a b o r  ( i . e . ,  w a t e r  m a n a g e m e n t )  i n  t h e
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product ion process. T h e  r e s u l t  i s  a n  o v e r  a p p l i c a t i o n  o f  w a t e r  w i t h  a s s o c i -
a t e d  r e t u r n  f l o w  p o l l u t i o n . I r r i g a t i o n  r e t u r n  f l o w  p o l l u t i o n  a l s o  r e s u l t s
f r o m  t h e  a v o i d a n c e  b y  f a r m e r s  o f  s o m e  c o s t s  o f  p r o d u c t i o n .  T h e  p r o f i t -
max imiz ing  fa rmer  a t tempts  to  m in im ize  p roduc t ion  cos ts . In  so  do ing ,  he
may se lec t  p roduc t ion  methods  and  techn iques  wh ich  a re  low cos t  to  h im,  bu t
po l lu t ing  to  downs t ream water  users . A l te rna t i ve  p roduc t ion  methods  and
t e c h n i q u e s  m a y  b e  l e s s  p o l l u t i n g  b u t  o f  h i g h e r  c o s t  t o  t h e  f a r m e r .  B y
se lec t ing  the  lowes t  cos t  methods  and  techn iques ,  the  fa rmer  passes  on  par t
o f  t h e  c o s t s  o f  p r o d u c t i o n  t o  d o w n s t r e a m  w a t e r  u s e r s  i n  t h e  f o r m  o f  w a t e r
p o l l u t i o n .

I r r i g a t e d  a g r i c u l t u r e  i s  a  c o l l e c t i v e  e n t e r p r i s e  i n v o l v i n g  a l l  o f  t h e
users . Improv ing ,  ex is t ing  water  management  p rac t i ces ,  whether  to  a l lev ia te
w a t e r  q u a l i t y  d e g r a d a t i o n  o r  m o r e  e f f e c t i v e l y  u t i l i z e  e x i s t i n g  w a t e r  s u p p l i e s
t o  i n c r e a s e  c r o p  p r o d u c t i o n , c e r t a i n l y  r e q u i r e s  c o l l e c t i v e  a c t i o n . There
e x i s t  a  n u m b e r  o f  o r g a n i z a t i o n a l  e n t i t i e s  t h a t  a d m i n i s t e r  i r r i g a t i o n ,  b u t ,
g e n e r a l l y , t h e r e  i s  a  l a c k  o f  e x p l i c i t  r u l e s  e s t a b l i s h e d  f o r  t h e  m a n a g e m e n t
o f  t h i s  r e s o u r c e  w i t h  r e g a r d  t o  q u a l i t y . T h e r e  a l s o  e x i s t s  a  l a c k  o f  c o m -
m u n i c a t i o n  a n d  c o o r d i n a t i o n  b e t w e e n  a g e n c i e s  a n d  d i s t r i c t s ,  a n d  t h e  f a r m e r s
with regard to how the water should be managed. As a consequence of  the lack
o f  a n  e x p l i c i t  i n s t i t u t i o n a l  f r a m e w o r k  s u r r o u n d i n g  t h i s  p r o b l e m  a n d  c e r t a i n
i n d i v i d u a l  p e r c e p t i o n s  t h a t  d o  n o t  e n h a n c e  a  s p e c i f i c  w a t e r  q u a l i t y  m a n a g e -
ment ethos, i m p l e m e n t i n g  a  p r o g r a m  o f  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  m a n a g e -
m e n t  c a n  b e  e x p e c t e d  t o  b e  a  v e r y  d i f f i c u l t  t a s k ,  f u r t h e r  c o m p l i c a t e d  b y  t h e
economic  and  lega l  cond i t ions  ou t l i ned  above .

F i n a l l y , i n  t h e  c o n t e x t  o f  t h e  c a s e  s t u d i e s ,  t h e  a p p r o a c h  f o r  i m p l e m e n t -
i n g  f e a s i b l e  i r r i g a t i o n  r e t u r n  f l o w  w a t e r  q u a l i t y  p o l i c i e s  r e c o g n i z e s  t h a t
each  a rea  has  i t s  own un ique  fea tu re . A  t h o r o u g h  u n d e r s t a n d i n g  o f  t h e  p h y s i -
c a l  d i m e n s i o n s  o f  t h e  p r o b l e m  a n d  i t s  e f f e c t s  i s  r e q u i r e d  i n  e a c h  c a s e .
P r o b l e m s  w h i c h  m a y  a p p e a r  s i m i l a r  o n  f i r s t  a p p r a i s a l  w i l l  g e n e r a l l y  s h o w
q u i t e  d i s t i n c t  d i f f e r e n c e s  o n  d e e p e r  i n v e s t i g a t i o n .

T h e  f o u r  a r e a s  i n v e s t i g a t e d  i n  t h i s  s t u d y  t o  i l l u s t r a t e  t h e  v a r i e t y  o f
p r o b l e m s  t h a t  e x i s t  a n d  t h e  d i v e r s e  a p p r o a c h e s  t o  t h e  s o l u t i o n s  o f  t h o s e
prob lems rep resen t  a  con t inuum o f  c i r cumstances . Grand Val ley,  San Joaquin
a n d  t h e  M i d d l e  R i o  G r a n d e  V a l l e y s  a r e  r e c o g n i z e d  a s  h a v i n g  “ s a l i n i t y  p r o b -
lems , ” b u t  t h e  n a t u r e  o f  t h o s e  p r o b l e m s  a r e  q u i t e  d i f f e r e n t . In the Grand
V a l l e y , i r r i g a t i o n  o f  t h e  s o i l s  o v e r l y i n g  t h e  s a l i n e  M a n c o s  S h a l e  h a s
c a u s e d  a  r i s e  i n  t h e  w a t e r  t a b l e  w i t h  s u b s e q u e n t  s a l i n a t i o n  o f  t h e  s o i l  a n d
r e d u c e d  p r o d u c t i o n  f r o m  l o w e r - l y i n g  l a n d s  i n  t h e  V a l l e y . However ,  the  p rob-
l e m  i s  n o t  c o n f i n e d  t o  t h e  V a l l e y  a l o n e , a s  s a l i n e  w a t e r  i n  c o n t a c t  w i t h  t h e
s h a l e  i s  d i s p l a c e d  i n t o  t h e  r i v e r  b y  i n c o m i n g  w a t e r  f r o m  d e e p  p e r c o l a t i o n
and seepage. Each year  approx imate ly  700 ,000  tons  o f  sa l t  (o r  10-12  tons
p e r  i r r i g a t e d  a c r e )  a r e  a d d e d  t o  t h e  r i v e r  a s  i t  p a s s e s  t h r o u g h  t h e  V a l l e y ,
add ing  to  the  burden  o f  downs t ream water  users .

In  the  San Joaqu in  Bas in , t h e  p r o b l e m  h a s  a  d i f f e r e n t  n a t u r e  i n  e a c h
o f  t h e  t w o  p h y s i o g r a p h i c  a r e a s . In the Tulare Lake Basin,  which now has no
o u t f l o w , s a l t  a c c u m u l a t e s  i n  t h e  s o i l  a n d  g r o u n d  w a t e r  o f  t h e  b a s i n  t o  t h e
d e t r i m e n t  o f  a g r i c u l t u r a l  p r o d u c t i o n  a n d  g r o u n d  w a t e r  q u a l i t y . In the San
J o a q u i n  V a l l e y  t o  t h e  n o r t h , t h e  c o n c e n t r a t i n g  e f f e c t  o f  i r r i g a t i o n  i s  m a k i n g
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the  wate r  unsu i tab le  fo r  downs t ream users , a n d  i s  c a u s i n g  a  d e t e r i o r a t i o n  i n
g r o u n d  w a t e r  q u a l i t y  a n d  s u b s u r f a c e  r e t u r n  f l o w s .

The  Midd le  R io  Grande Va l ley  i s  faced  w i th  the  two-s ided  p rob lem o f  an
i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  s a l t s  i n  t h e  r i v e r  w i t h  d i s t a n c e  d o w n  t h e
V a l l e y ,  c o u p l e d  w i t h  a n  i n c r e a s e  i n  s o i l  s a l i n i t y .  A l t h o u g h  t h e  s a l t  c o n c e n -
t r a t i o n  i s  i n c r e a s i n g  b e c a u s e  o f  t h e  c o n c e n t r a t i n g  e f f e c t  o f  i r r i g a t i o n ,  t h e
s a l t  l o a d  i s  d e c r e a s i n g  a s  s a l t s  a p p l i e d  i n  t h e  i r r i g a t i o n  w a t e r  a r e  b e i n g
r e t a i n e d  i n  t h e  s o i l s  a n d  g r o u n d  w a t e r . N o t  o n l y  i s  t h e  r i v e r  s u f f e r i n g ,
b u t  t h e  l a n d ,  p a r t i c u l a r l y  i n  t h e  l o w e r  V a l l e y ,  i s  s u f f e r i n g  d u e  t o  s o i l
s a l i n a t i o n , w i th  a  consequent  depress ion  in  c rop  y ie lds  and  a  move to  lower
valued crops.

T h e  Y a k i m a  R i v e r  s u f f e r s  f r o m  h i g h  l e v e l s  o f  n i t r a t e s ,  p h o s p h a t e s ,  s e d i -
ment, tempera tu re , a n d  c o l i f o r m s - - a l l a s s o c i a t e d  w i t h  a g r i c u l t u r a l  a c t i v i t y .
A p a r t  f r o m  a e s t h e t i c  o b j e c t i o n s  t o  t h e  a l g a l  g r o w t h  a n d  s e d i m e n t ,  a n d  t h e
s i g n i f i c a n t  d e t e r i o r a t i o n  i n  t h e  f i s h  h a b i t a t , economic  cos ts  a re  incur red
i n  i r r i g a t i o n  i n t a k e  s c r e e n  c l e a n i n g , sed imen t  remova l  f rom hydrau l i c
s t r u c t u r e s , the wear on pumps, s p r i n k l e r  h e a d s  a n d  p i p e s ,  a n d  i n  t h e  r e d u c -
t i o n  o f  p r o d u c t i v i t y  a s s o c i a t e d  w i t h  t o p s o i l  a n d  f e r t i l i z e r  l o s s e s . The
s e l e c t i o n  o f  t h e  f o u r  s i t e s  f o r  a n  a r t i c u l a t i o n  o f  o u r  a p p r o a c h  r e p r e s e n t
n o t  o n l y  a  r a n g e  o f  i r r i g a t i o n  f l o w  p r o b l e m s , b u t  a l s o  a  c o m b i n a t i o n  o f  l e g a l
s y s t e m s  f o r  w a t e r  a l l o c a t i o n  a n d  a d m i n i s t r a t i o n  o f  s u r f a c e  a n d  g r o u n d  w a t e r s
i n t r a s t a t e  a n d  i n t e r s t a t e ; a  v a r i e t y  o f  s o c i o - e c o n o m i c  c o n d i t i o n s ;  a n d ,  a
s p e c t r u m  o f  c u l t u r a l  p r a c t i c e s .
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SECTION 6

IDENTIFICATION OF POTENTIAL SOLUTIONS

THE PROCESS OF IDENTIFYING SOLUTIONS

T h e  b a s i c  p r e m i s e s  o f  t h e  p r o c e s s  f o r  i d e n t i f y i n g  s o l u t i o n s  h a v e  b e e n
o u t l i n e d  i n  S e c t i o n  4 . There, i t  w a s  i n d i c a t e d  t h a t  t h e  s e a r c h  f o r  “ f e a s i -
b l e ”  s o l u t i o n s  r e q u i r e s  a n  i n t e g r a t i o n  o f  t h e  p r o v i s i o n s  o f  t h e  l a w  w i t h
t h e  r e c i p i e n t s ’  d e s i r e s  t h r o u g h  a p p r o p r i a t e  i n s t i t u t i o n a l  l i n k a g e s .  T h r o u g h
a  c o m b i n a t i o n  o f  a  r e v i e w  o f  l i t e r a t u r e  ( b a s e d  o n  d i s c i p l i n a r y  s e a r c h ) ,  s i t e
v i s i t s  a n d  i n t e r d i s c i p l i n a r y  e x c h a n g e , t h e  t e a m  a s s e m b l e d  a n  i n i t i a l  l i s t  o f
“ s o l u t i o n s ” concerning irrigation return flow quality control. The search
f o r  “ a p p r o p r i a t e ”  s o l u t i o n s  w a s ,  t h e n , p a r t  o f  a  s c r e e n i n g  t h a t  c o n s i d e r e d
s u c h  f a c t o r s  a s  ( s e e  a l s o  F i g u r e  4  a n d  6 ) :  a )  t e c h n i c a l  s o u n d n e s s ;  b )  e c o -
n o m i c  v i a b i l i t y ; c )  l e g a l  p e r t i n e n c e ; d )  s o c i a l  a c c e p t a b i l i t y ;  a n d  d )  p o l i t i -
c a l  f e a s i b i l i t y .

I t  s h o u l d  a l s o  b e  r e c a l l e d  t h a t  i n  a r r i v i n g  a t  a p p r o p r i a t e  s o l u t i o n s ,
t h e  t e a m  h a s  a l s o  p r e v i o u s l y  o u t l i n e d  c r i t i c a l  p a r a m e t e r s  o f  t h e  p r o b l e m ;
e x p l i c a t e d  t h e  p r o v i s i o n s  o f  t h e  l a w ;  a n d , de te rmined  respons ib le  o rgan iza -
t i o n s , a f f e c t e d  i n d i v i d u a l s  a n d  r e l a t e d  a g e n c i e s . I n  a d d i t i o n  t o  t h e  p r o j e c t
t e a m ,  f u r t h e r  s e n s i t i v i t y  w a s  o b t a i n e d  t h r o u g h  i n t e r a c t i o n  w i t h  s t a t e  a n d
federal agency personnel; i r r iga t ion  wate r  management ;  and  water  users .

T h e  i n i t i a l  s e l e c t i o n  o f  s o l u t i o n s  a l o n g  t h e  c h a r a c t e r i s t i c s  s u g g e s t e d
i n  F i g u r e  4  a l l o w e d  f o r  a n  i n i t i a l  e l i m i n a t i o n  o f  n o n a p p r o p r i a t e  o r  i l l -
a d v i s e d  s o l u t i o n s . E v e n t u a l l y , an  i te ra t i ve  p rocess  o f  assessment  and
e v a l u a t i o n  p r o v i d e d  t h e  t e a m  w i t h  a l t e r n a t i v e  s o l u t i o n s  w h i c h  r a n g e  f r o m
t h o s e  w h i c h  a r e  w h o l l y  t e c h n i c a l  t o  t h o s e  w h i c h  a r e  p u r e l y  i n s t i t u t i o n a l
( e . g . , c r e a t i o n  o f  w a t e r  m a r k e t s ) . T h i s  v e r y  p r o c e s s  o f  g e n e r a t i n g  ( a n d
a s s e s s i n g  a n d  e v a l u a t i n g )  s o l u t i o n s  b e c o m e s  t h e  v i t a l  l i n k  b e t w e e n  t h e  p r o b -
l e m  o f  a g r i c u l t u r a l  p o l l u t i o n  a n d  o f  a t t a i n a b l e  s t r a t e g i e s  f o r  i m p l e m e n t i n g
P. L. 92-500.

TYPES AND RANGE OF PROPOSED SOLUTIONS

T h e  r a n g e  o f  p o s s i b l e  s o l u t i o n s  t o  i r r i g a t i o n  r e t u r n  f l o w  p o l l u t i o n  i s ,
o f  c o u r s e , a  f u n c t i o n  o f  t h e  p a r a m e t e r s  o f  t h e  p r o b l e m  i d e n t i f i e d  i n  t h e  p r e -
v i o u s  s e c t i o n . P o t e n t i a l  s o l u t i o n s  a r e  d i s c u s s e d  i n  t h i s  s e c t i o n  i n  t e r m s  o f
the  causes  o f  the  p rob lem.
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T h e r e  a r e  a  n u m b e r  o f  p o t e n t i a l  s o l u t i o n s  f o r  c o n t r o l l i n g  t h e  q u a n t i t y
a n d  q u a l i t y  o f  i r r i g a t i o n  r e t u r n  f l o w . The i r r iga t ion  sys tem may be  subd i -
v i d e d  i n t o  t h e  w a t e r  d e l i v e r y  s u b s y s t e m ,  t h e  f a r m  s u b s y s t e m ,  a n d  t h e  w a t e r
removal subsystem. T h e  u s e  o f  e f f i c i e n t  p r a c t i c e s  i n  t h e  c o n v e y a n c e  c a n a l s
a n d  p i p e l i n e s , as  we l l  as  improv ing  on- fa rm wate r  management ,  w i l l  m in im ize
the  p rob lems in  the  wate r  remova l  sys tem. In most cases, t h e  k e y  t o  m i n i m i z -
i n g  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  p r o b l e m s  i s  t o  i m p r o v e  w a t e r  m a n a g e m e n t
p r a c t i c e s  o n  t h e  c r o p l a n d s . The water del ivery subsystem can be improved by
l i n i n g  c a n a l s  a n d  l a t e r a l s , u s i n g  c l o s e d  c o n d u i t s  f o r  w a t e r  t r a n s p o r t a t i o n ,
p r o v i d i n g  a d e q u a t e  c o n t r o l  s t r u c t u r e s , a n d  i n s t a l l i n g  f l o w  m e a s u r i n g
dev ices.

Improved  p rac t i ces  tha t  can  be  used  on  the  fa rm inc lude  jud ic ious  use
a n d  a p p l i c a t i o n  o r  p l a c e m e n t  o f  f e r t i l i z e r s ; u s e  o f  s l o w - r e l e a s e  f e r t i l i z e r s ;
c o n t r o l l i n g  w a t e r  d e l i v e r i e s  a c r o s s  t h e  f a r m ;  u s e  o f  i m p r o v e d  i r r i g a t i o n
a p p l i c a t i o n  m e t h o d s  ( e . g . ,  s u b s u r f a c e  a p p l i c a t i o n ,  s p r i n k l e r  i r r i g a t i o n ,  o r
t r i c k l e  i r r i g a t i o n ) ; con t ro l  o f  so i l  evapora t ion ;  use  o f  a  pumpback  sys tem
t o  a l l o w  r e c y c l i n g  o f  s u r f a c e  r e t u r n  f l o w s ;
contour farming) ;

e r o s i o n  c o n t r o l  p r a c t i c e s  ( e . g . ,
a n d  i r r i g a t i o n  s c h e d u l i n g  t o  i n s u r e  t h a t  t h e  p r o p e r  a m o u n t s

o f  w a t e r  a r e  a p p l i e d  a t  t h e  t i m e s  r e q u i r e d  b y  t h e  p l a n t s . I n  t h e  w a t e r  r e -
moval subsystem, o p e n  d r a i n s  a n d  t i l e  d r a i n a g e  c a n  b e  u s e d  t o  c o l l e c t  r e t u r n
f lows ,  wh ich  can  then  be  sub jec ted  to  t rea tment  on  a  la rge  a rea  o r  bas inw ide
b a s i s , i f  n e c e s s a r y .

I d e n t i f y i n g  a p p r o p r i a t e  t e c h n o l o g i c a l  s o l u t i o n s  m u s t  b e  r e l a t e d  t o  t h e
n a t u r e  o f  t h e  p r o b l e m ,  i . e . , w a t e r  q u a l i t y  d e g r a d a t i o n  a s  a  r e s u l t  o f  s u r f a c e
o r  s u b s u r f a c e  r e t u r n  f l o w s ,  o r  b o t h . K n o w i n g  t h e  s o u r c e s  o f  p o l l u t i o n ,  t h e n
p o t e n t i a l  s o l u t i o n s  c a n  b e  i d e n t i f i e d . The  appropr ia teness  o f  such  so lu t ions
w i l l  b e  r e l a t e d  t o  o t h e r  “ s i t e  s p e c i f i c ”  p h y s i c a l  p a r a m e t e r s ,  a s  w e l l  a s
h i s t o r i c a l  i r r i g a t i o n  m e t h o d s  a n d  p r a c t i c e s  i n  t h e  a r e a ,  a n d  t h e  p e r c e p t i o n
o f  t h e  u s e r s  r e g a r d i n g  t h e  n e c e s s i t y  f o r  c h a n g e . I n  a d d i t i o n  t o  i n f o r m i n g
t h e  w a t e r  u s e r s  o f  t h e  e x i s t i n g  i r r i g a t i o n  r e t u r n  f l o w  p r o b l e m s ,  i  t  b e c o m e s
n e c e s s a r y  t o  d e m o n s t r a t e  a p p r o p r i a t e  t e c h n o l o g i e s  i n  o r d e r  t o  g a i n  f a r m e r
acceptance. Th is  phase, as  we l l  as  a reawide  imp lementa t ion ,  cou ld  eas i l y  be
h a m p e r e d  b y  t h e  l a c k  o f  s u f f i c i e n t  t e c h n o l o g i c a l  a s s i s t a n c e  a n d  b y  t h e  l e g a l
c o n s t r a i n t s  o n  t h e  u s e  o f  l o w - c o s t  g o v e r n m e n t  f u n d i n g  t o  a c h i e v e  w a t e r  q u a ! -
i t y  i m p r o v e m e n t s  a t  t h e  f a r m  l e v e l . improved  i r r iga t ion  wate r  management
p r a c t i c e s  w i l l  a l m o s t  i n v a r i a b l y  r e s u l t  i n  r e d u c e d  d e m a n d  f o r  w a t e r  d i v e r s i o n s .
T h e  r e a l  d i f f i c u l t y  i n  g a i n i n g  w a t e r  u s e r  a c c e p t a n c e  l i e s  i n  s o l v i n g  t h e  p r o b -
lem o f  who  bene f i t s  f rom the  saved  wate r . A t  t h e  p r e s e n t  t ime, t h e  i r r i g a t o r
c a n n o t  b e n e f i t  f r o m  t h e  w a t e r  s a v e d  b y  i m p r o v e d  i r r i g a t i o n water management
p r a c t i c e s . Consequent ly, l i t t l e  p r o g r e s s  i n  w a t e r  q u a l i t y c o n t r o l  o f  i r r i -
g a t i o n  r e t u r n  f l o w s  c a n  b e  e x p e c t e d  u n t i l  t h e  w a t e r  r i g h t ssue is  addressed.

O n e  o f  t h e  v i a b l e  a l t e r n a t i v e s  f o r  p r o d u c i n g  a  p o s i t i v e  i n c e n t i v e  f o r
w a t e r  u s e r s  t o  b e n e f i t  f r o m  i m p r o v i n g  t h e i r  i r r i g a t i o n  s y s t e m  i s  t o  e s t a b l i s h
a  m a r k e t  f o r  i r r i g a t i o n  w a t e r . I n  o r d e r  t o  m i n i m i z e  t h e  d i s r u p t i o n  o f  t h e
p r e s e n t  i n s t i t u t i o n a l  a r r a n g e m e n t , t h e  m a r k e t  f o r m  i d e n t i f i e d  a s  h a v i n g  t h e
g r e a t e s t  p o t e n t i a l  i s  a  w a t e r  r e n t a l  m a r k e t . The demand for  renta l  water
w o u l d  r e p r e s e n t  i t s  a d d i t i o n  t o  t h e  t o t a l  v a l u e  o f  o u t p u t  p e r  a d d i t i o n a l  u n i t
o f  w a t e r . The  marke t  supp ly  schedu le  wou ld  represen t  the  wa te r  r i gh t  ho ld -
e r ’ s  i n c r e a s i n g  o p p o r t u n i t y  c o s t  o f  u s i n g  t h e  w a t e r  h i m s e l f  r a t h e r  t h a n
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r e n t i n g  i t . T h e  m a r k e t  e q u i l i b r i u m  p r i c e  w o u l d  b e  g r e a t e r  t h a n  t h e  c u r r e n t
cos ts  o f  conveyance. Those demanding and supplying would have an economic
i n c e n t i v e  t o  u s e  w a t e r  m o r e  e f f i c i e n t l y . T h a t  i s , a  r e n t a l  m a r k e t  w o u l d  i n -
c r e a s e  t h e  p r i c e  o f  w a t e r  t o  i t s  m a r g i n a l  v a l u e  i n  p r o d u c t i o n  a n d  w o u l d
encourage  more  use  o f  l abor  and  cap i ta l  (Le . ,  wa te r  management )  i n  comb ina-
t i o n  w i t h  t h e  w a t e r , t h u s  r e d u c i n g  r e t u r n  f l o w  p o l l u t i o n .

Such  an  a r rangement  wou ld  take  in to  accoun t  the  p resen t  s t ruc tu re  o f
w a t e r  r i g h t s  a n d  a l l o t m e n t s . T h o s e  w i t h  w a t e r  r i g h t s  o r  a l l o t m e n t s ,  h o w e v e r ,
w o u l d  b e  a l l o w e d  t o  r e n t  s u r p l u s  w a t e r  t o  o t h e r  u s e r s  w i t h o u t  j e o p a r d i z i n g
t h e i r  r i g h t s  o r  a l l o t m e n t s  i n  t h e  f u t u r e . In  mos t  s ta tes ,  such  a  marke t
c o u l d  b e  c r e a t e d  b y  r e m o v i n g  t h e  l e g a l  a n d  p h y s i c a l  u n c e r t a i n t i e s  a s s o c i a t e d
w i t h  s u c h  t r a n s f e r s  u n d e r  t h e  p r e s e n t  s y s t e m . T r a n s f e r s  w i t h i n  i r r i g a t i o n
d i s t r i c t s  o f  e x c e s s  o r  s a v e d  w a t e r s  r e q u i r e  c h a n g e s  i n  b o t h  F e d e r a l
Reclamat ion and some state laws.

W i t h  r e g a r d  t o  e c o n o m i c  s o l u t i o n s , f u r t h e r  d i s c u s s i o n  i s  n e e d e d  t o
i l l u s t r a t e  t h i s  p a r t i c u l a r  d i s c i p l i n a r y  i n p u t . W a t e r  u t i l i z e d  f o r  i r r i g a t i o n
can  be  concep tua l i zed  as  pass ing  th rough  th ree  phases : d i v e r s i o n , a p p l i c a t i o n
and d ischarge , as  shown in  F igure  12 . The  wate r  i s  d ive r ted  f rom a  s t ream,
a p p l i e d  t o  c r o p s  a n d  t h a t  p o r t i o n  n o t  c o n s u m p t i v e l y  u s e d  r e t u r n s  t o  t h e
stream. I r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  i s  a  f u n c t i o n  o f  t h e  w a t e r ’ s  t r a v e l s
f r o m  d i v e r s i o n  t o  d i s c h a r g e . T h e  a m o u n t  o f  p o l l u t i o n  r e s u l t i n g  f r o m  t h e
i r r i g a t i o n  p r o c e s s  o b v i o u s l y  d e p e n d s  u p o n  a  l a r g e  a r r a y  o f  v a r i a b l e s ,  s u c h
a s  s o i l  t y p e , s l o p e  o f  f i e l d ,  t y p e  o f  c r o p ,  s t a g e  o f  c r o p  g r o w t h ,  i r r i g a t i o n
management, a n d  q u a n t i t y  o f  w a t e r  a p p l i e d . The present  d iscuss ion  focuses  on

a n d  q u a n t i t y  o f  i r r i g a t i o n  w a t e r  a s  t h e  m o s t  c r i t i c a lthe managemen t
v a r i a b l e s .

In general
with the quantity
management of

,  t h e  a m o u n t  o f  r e t u r n  f l o w  p o l l u t i o n  i s  p o s i t i v e l y  c o r r e l a t e d
o f  i r r i g a t i o n  w a t e r  a n d  n e g a t i v e l y  c o r r e l a t e d  w i t h  t h e
i r r i g a t i o n  w a t e r ,  a s  s h o w n  i n  F i g u r e  1 3 ( a ) A s  w a t e r  i s  a p p l i e d

b e y o n d  t h e  c o n s u m p t i v e  u s e  r e q u i r e m e n t s  o f  t h e  c r o p  ( c . u . ) ,  r e t u r n  f l o w  p o l -
l u t i o n  t e n d s  t o  i n c r e a s e  a t  a n  i n c r e a s i n g  r a t e  w i t h  a d d i t i o n a l  w a t e r  u p  t o  a
p o i n t  o f  a p p l i c a t i o n  b e y o n d  w h i c h  i t  i n c r e a s e s  a t  a  d e c r e a s i n g  r a t e . The
r e l a t i v e  p o s i t i o n  o f  t h i s  r e l a t i o n s h i p  d e p e n d s  u p o n  t h e  l e v e l  o f  w a t e r  m a n -
agement, so  tha t  cu rve  A  cor responds  w i th  a  low leve l  o f  management  and
c u r v e  B  w i t h  a  h i g h  l e v e l .

F igure  12 . Phase of irrigation water use.
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I n  t h e  w e s t e r n  U n i t e d  S t a t e s , i r r i g a t i o n  w a t e r  i s  a l l o c a t e d  b y  t h e
A p p r o p r i a t i o n  D o c t r i n e  o r  a  m o d i f i c a t i o n  o f  t h a t  d o c t r i n e . Under  th is  doc-
t r i n e , r i g h t s  a r e  d e t e r m i n e d  o n  a  “ f i r s t  i n  t i m e ,  f i r s t  i n  r i g h t ”  b a s i s .
T h e  b a s i s  f o r  e s t a b l i s h i n g  a  r i g h t  i s  t h e  b e n e f i c i a l  u s e  o f  u n a p p r o p r i a t e d
w a t e r , W h i l e  i n  t h e o r y  t h e  A p p r o p r i a t i o n  D o c t r i n e  a l l o w s  f o r  b o t h  t h e  t r a n s -
f e r  o f  w a t e r  r i g h t s  a s  w e l l  a s  s i m p l y  t h e  t r a n s f e r  o f  t h e  w a t e r  a l o n e ,  a  n u m -
b e r  o f  i m p e d i m e n t s  e x i s t  w h i c h  e f f e c t i v e l y  p r e c l u d e  s u c h  t r a n s f e r  i n  m o s t
areas . In  some s ta tes , i r r i g a t i o n  w a t e r  i s  t i e d  t o  t h e  l a n d . A l s o ,  i n
o r d e r  t o  d e v e l o p  m a n y  i r r i g a b l e  a r e a s , s t a t e s  h a v e  o f t e n  a l l o w e d  t h e  U n i t e d
S t a t e s  B u r e a u  o f  R e c l a m a t i o n  t o  a p p r o p r i a t e  l a r g e  p o r t i o n s  o f  t h e  a v a i l a b l e
w a t e r  s u p p l y  f o r  i r r i g a t i o n  p r o j e c t s . T h e  t e r m s  o f  c o n t r a c t s  i n  t h e s e  p r o -
j e c t s  m a y  p r o h i b i t  w a t e r  t r a n s f e r s  i n  o r d e r  t o  i n s u r e  r e p a y m e n t  o f  c o n s t r u c -
t i o n  c o s t s . F i n a l l y ,  w a t e r  t r a n s f e r s  a r e  i m p e d e d  b y  t h e  h y d r o l o g i c  u n c e r -
t a i n t i e s  o f  m o s t  s y s t e m s . T h a t  i s , t h e  p h y s i c a l  i n t e r r e l a t i o n s h i p s  o f  w a t e r
u s e r s  m a y  n o t  b e  w e l l  d e f i n e d  s o  t h a t  e f f e c t s  o f  t h i r d  p a r t y  t r a n s f e r s  a r e
s u b j e c t  t o  v a r y i n g  l e g a l  r u l i n g s .

S i n c e  t h e  a p p r o p r i a t i o n  c o s t  o f  i r r i g a t i o n  w a t e r  i s  z e r o  a n d  t h e  c o n v e y -
a n c e  c o s t  p e r  u n i t  o f  w a t e r  i s  g e n e r a l l y  c o n s t a n t , the  aggregate  supp ly  curve ,
S L , u n d e r  t h e  p r e s e n t  i n s t i t u t i o n a l  a r r a n g e m e n t  i s  a  h o r i z o n t a l  l i n e  a t  t h e
l e v e l  o f  t h e  c o n v e y a n c e  c o s t , P L ,  o u t  t o  t h e  t o t a l  q u a n t i t y  o f  w a t e r  a v a i l -
a b l e  f o r  u s e ,  Q L . A t  Q L ,  t h e  s u p p l y  c u r v e  b e c o m e s  v e r t i c a l  ( F i g u r e  1 3 ( b ) ) .

S u m m a t i o n  o f  t h e  d e m a n d  o f  a l l  w a t e r  r i g h t  h o l d e r s  a t  a n y  p o i n t  i n  t i m e
y ie lds  the  equ iva len t  o f  a  marke t  demand curve . As  the  demand fo r  wa te r  in  a
g i v e n  r i v e r  b a s i n  i n c r e a s e s , the  marke t  demand curve  sh i f t s  ou tward  un t i l  D L

i s  r e a c h e d  ( F i g u r e  1 3 ( b ) ) .  A t  t h a t  l e v e l  o f  d e m a n d ,  t h e  r i v e r ’ s  w a t e r s  a r e
c o m p l e t e l y  a l l o c a t e d  a n d  n o  f u r t h e r  w a t e r  r i g h t s  a r e  i s s u e d .

Wi th  a  norma l  downward  s lop ing  demand curve ,  d L  i n  F igure  13(c ) ,  the
i n d i v i d u a l  f a r m e r  w i l l  r a t i o n a l l y  d e m a n d  Q L  u n i t s  o f  w a t e r  p e r  a c r e  a t  t h e
average conveyance cos t  o f  P L  per  un i t  o f  water . H e  w i l l  a p p l y  f o r  a n d  r e -
c e i v e  a  r i g h t  f o r  t h a t  q u a n t i t y  a s  l o n g  a s  w a t e r  i s  a v a i l a b l e . The actual
a l l o c a t i o n  w i l l  d e p e n d  o n  a d d i t i o n a l  p h y s i c a l  a n d  l e g a l  c o n s i d e r a t i o n s  b u t
t h e  t e n d e n c y  w i l l  b e  t o w a r d s  a n  a l l o c a t i o n  o f  Q L  u n i t s  p e r  a c r e  o f  i r r i g a t i o n
w a t e r . I f  the  leve l  o f  wa te r  management  cor responds  w i th  curve  B  in  F igure
1 3 . a ,  t h e n  t h e  p r e s e n t  a l l o c a t i o n  s y s t e m  r e s u l t s  i n  a n  i r r i g a t i o n  r e t u r n  f l o w
p o l l u t i o n  l e v e l  o f  S L  u n i t s  p e r  a c r e .

A d j u s t m e n t s  t o  t h e  p r o b l e m  o f  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c a n  b e
c a t e g o r i z e d  a c c o r d i n g  t o  t h e i r  i n c i d e n c e  o n  t h e  t h r e e  p h a s e s  o f  i r r i g a t i o n
water  use  shown in  F igure  12 . In  genera l , these  ad jus tments  dea l  w i th  the
a p p l i c a t i o n  a n d  d i s c h a r g e  p h a s e s  o f  i r r i g a t i o n  w a t e r  u s e . The permit  system
i s  d i r e c t e d  t o w a r d s  t h e  t h i r d  p h a s e  o f  i r r i g a t i o n  w a t e r  u s e . T h a t  i s ,  i t
a t t e m p t s  t o  r e g u l a t e  t h e  q u a l i t y  o f  w a t e r  d i s c h a r g e d  f r o m  i r r i g a t e d  f a r m s .
I r r i g a t i o n  r e t u r n  f l o w s ,  h o w e v e r , a r e  d i f f u s e  a n d  n o t  e a s i l y  i d e n t i f i e d  w i t h
t h e i r  s o u r c e . Bo th  su r face  and  subsur face  re tu rn  f l ows  f ree ly  m ing le  f rom a
m u l t i p l e  o f  s o u r c e s  s o  t h a t  m e a s u r e m e n t s  a n d  i d e n t i f i c a t i o n  o f  p o l l u t i o n
s o u r c e s  a r e  e x t r e m e l y  d i f f i c u l t ,  i f  n o t  i m p o s s i b l e . Fur the rmore ,  the  permi t
s y s t e m  d o e s  n o t  s e e k  t o  r e d u c e  p o l l u t i o n  t o  i t s  o p t i m u m  l e v e l ,  b u t  r a t h e r  t o
l i c e n s e  a n  a r b i t r a r y  l e v e l  o f  p o l l u t i o n  d i s c h a r g e . lndirectly, this mecha-
n i s m  m a y  a f f e c t  t h e  r e l a t i v e  p r i c e  o f  w a t e r  a n d ,  t h u s ,  t h e  p r o f i t  m a x i m i z i n g
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m i x  o f  i n p u t s ,  b u t  n o  n e c e s s a r y  r e l a t i o n  e x i s t s  b e t w e e n  m o n i t o r i n g  d i s c h a r g e s
a n d  t h e  e f f i c i e n t  a l l o c a t i o n  o f  a g r i c u l t u r a l  r e s o u r c e s .

M o r e  r e c e n t l y , a t t e n t i o n  h a s  f o c u s e d  o n  t h e  a p p l i c a t i o n  p h a s e  o f  i r r i g a -
t i o n  w a t e r  u s e . Here,  the mechanism of  adjustment has been to improve on-
farm management of water. I n  g e n e r a l , t h i s  e n t a i l s  t h e  a d d i t i o n  o f  c a p i t a l
a n d  l a b o r  i n p u t s  t o  i m p r o v e  t h e  e f f i c i e n c y  o f  w a t e r  u s e  a n d  r e d u c e  w a t e r
p o l l u t i o n  r e s u l t i n g  f r o m  p o o r  f a r m i n g  p r a c t i c e s . T h i s  a p p r o a c h  i s  o f t e n
e x p e n s i v e  a n d  i n v o l v e s  d e t a i l e d  s t u d i e s  a n d  d i r e c t  g o v e r n m e n t  i n t e r v e n t i o n
to implement. The  ma jo r  p rob lem w i th  th i s  mode  o f  ad jus tment  i s  tha t  un less
t h e  f a r m e r  i s  n o t  c u r r e n t l y  m a x i m i z i n g  p r o f i t s , t h e n  r e d u c i n g  p o l l u t i o n  b y
c h a n g i n g  t h e  m i x  o f  i n p u t s  w i l l  r e q u i r e  s u b s i d i z a t i o n  o f  t h e  f a r m e r . Th is
a d j u s t m e n t  g e n e r a l l y  i m p l i e s  r e d u c i n g  t h e  f a r m e r ’ s  c o s t  o f  l a b o r  a n d / o r  c a p -
i t a l  i n v e s t m e n t  t h r o u g h  a  s u b s i d y . Moreover, t h i s  a p p r o a c h  i n v o l v e s  e x t e n -
s i v e  a n d ,  g e n e r a l l y , e x p e n s i v e  i n v e s t i g a t i o n  t o  d e t e r m i n e  t h e  a p p r o p r i a t e
new mix  o f  inputs .

F i n a l l y , t h i s  d i s c u s s i o n  l e a d s  t o  t h e  c o n s i d e r a t i o n  o f  m e t h o d s  f o r  r e d u c -
i n g  r e t u r n  f l o w  p o l l u t i o n  t h r o u g h  a d j u s t m e n t s  i n  t h e  f i r s t  o r  d i v e r s i o n  p h a s e
of irrigation water use. I f  excess ive  amounts  o f  water  a re  be ing  combined
w i t h  o t h e r  i n p u t s , t h e n  t h e  i n d i c a t i o n  i s  t h a t  t h i s  r e s o u r c e  i s  u n d e r p r i c e d .
T h a t  i s , i f  r e t u r n  f l o w  p o l l u t i o n  r e s u l t s  f r o m  a n  i m p r o p e r  m i x  o f  i n p u t s ,
t h e n  t h e  c a u s e  m a y  b e  t h a t  t h e  p r i c e  o f  w a t e r  ( P W )  i s  t o o  l o w .

Suppose  a  wate r  ren ta l  marke t  i s  c rea ted  such  tha t  nonwater  r igh t
h o l d e r s  c o u l d  r e n t  w a t e r  f r o m  t h o s e  w i t h  w a t e r  r i g h t s  w i t h o u t  j e o p a r d i z i n g
t h o s e  r i g h t s . W a t e r  r i g h t  h o l d e r s  a c t i n g  a s  s u p p l i e r s  o f  r e n t a l  w a t e r  w o u l d
have an  upward  s lop ing  supp ly  curve , S R ,  r e p r e s e n t i n g  i n c r e a s i n g  o p p o r t u n i t y
cos ts  as  shown in  F igure  14 .b . T h i s  s u p p l y  c u r v e  r e p r e s e n t s  t h e  q u a n t i t y
o f  w a t e r  t h a t  w a t e r  r i g h t  h o l d e r s  w o u l d  r e n t  r a t h e r  t h a n  u s e  a t  e a c h  p r i c e .
The renta l  market  demand curve, D R ,  rep resen ts  the  aggrega te  marg ina l  va lue
p r o d u c t  o f  i r r i g a t i o n  w a t e r  t o  n o n r i g h t  h o l d e r s . T h e  e q u i l i b r i u m  q u a n t i t y ,

QR, r e p r e s e n t s  t h e  a m o u n t  o f  w a t e r  r i g h t  h o l d e r s  w o u l d  r e n t  t o  n o n r i g h t
h o l d e r s ,

I n d i v i d u a l  w a t e r  r i g h t  h o l d e r s  w o u l d  a d j u s t  t o  t h e  r e n t a l  m a r k e t  e q u i l i -
b r i u m  p r i c e , P R ,  b y  r e d u c i n g  t h e  q u a n t i t y  o f  w a t e r  i r r i g a t e d  f r o m  q L  t o  q R .
T h a t  i s ,  w a t e r  r i g h t  h o l d e r s  c o u l d  r e a l i z e  a  g r e a t e r  r e t u r n  f r o m  t h e i r  r i g h t
t o  q L  u n i t s  p e r  a c r e  a n d  r e n t i n g  t h e  s u r p l u s  ( q L  -  q R )  u n i t s  p e r  a c r e . The
d e r i v e d  d e m a n d  f o r  i r r i g a t i o n  w a t e r  w i t h  a  r e n t a l  m a r k e t ,  d R ,  d i f f e r s  f r o m
the  p resen t  demand curve ,  d L , i n  t h a t  i t  i s  h o r i z o n t a l  a t  t h e  m a r k e t  p r i c e
leve l  beyond q R , as  shown in  F igure  14 .c .

I f  n o n r i g h t  h o l d e r s  a r e  a s s u m e d  t o  h a v e  i d e n t i c a l  i r r i g a t i o n  d e m a n d
c u r v e s  t o  t h o s e  w i t h  w a t e r  r i g h t s ,  d L , t h e n  e a c h  n o n r i g h t  h o l d e r  w i l l  a l s o
r a t i o n a l l y  u s e  q R  u n i t s  o f  w a t e r  p e r  a c r e  a t  a  r e n t a l  m a r k e t  e q u i l i b r i u m
p r i c e  o f  P R . T h e  e f f e c t  o n  i r r i g a t i o n  r e t u r n  f l o w  p o l l u t i o n  i s  t h a t  e a c h
fa rmer  wou ld  cause  S R  ra ther  than  S L  un i t s  o f  po l lu t ion  per  ac re ,  as  shown
i n  F i g u r e  1 4 . a . On the other hand, t h e r e  a r e  m o r e  i r r i g a t o r s . The net
e f f e c t  o f  t h e  r e n t a l  m a r k e t  d e p e n d s  u p o n  t h e  r a t i o  o f  t h e  p r o p o r t i o n a l  i n -
c r e a s e  i n  t h e  n u m b e r  o f  i r r i g a t o r s  t o  t h e  p r o p o r t i o n a l  d e c r e a s e  i n  t h e
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F igure  14 . I r r i g a t i o n / p o l l u t i o n  r e l a t i o n  w i t h  r e n t a l  m a r k e t .

59



p o l l u t i o n  o f  e a c h  i r r i g a t o r . I f  t h e  r a t i o  i s  l e s s  t h a n  o n e ,  t h e n  t o t a l
p o l l u t i o n  w o u l d  d e c l i n e .

F i n a l l y , i f  w a t e r  q u a l i t y  i s  c o n s i d e r e d ,  t h e  s u p p l y  f u n c t i o n  m a y  b e
more  s teep ly  s loped . S o c i e t y  a s  a  w h o l e  h a s  a n  i n t e r e s t  i n  h o w  w a t e r  i s
used, s o  t h a t  a n  a d d i t i o n a l  c o s t  i s  a s s o c i a t e d  w i t h  t h e  u s e  o f  w a t e r  f o r
i r r i g a t i o n - - a pollution cost to society. The  sum o f  the  p r i va te  and  soc ia l
m a r g i n a l  c o s t s  o f  i r r i g a t i o n  w a t e r  r e s u l t s  i n  a  r e n t a l  m a r k e t  s u p p l y  s c h e d u l e
above the  supp ly  curve  S R. T h e  o p t i m u m  a p p l i c a t i o n  o f  i r r i g a t i o n  w a t e r  p e r
a c r e  b y  a n  i n d i v i d u a l  f a r m e r  w o u l d  t h u s  b e  r e d u c e d ,  w h i c h  i n  t u r n  w o u l d  r e -
d u c e  t h e  p e r  a c r e  p o l l u t i o n  l e v e l .

T h e  p o i n t  i s  t h a t  a  f r e e l y  o p e r a t i n g  m a r k e t  f o r  w a t e r  w o u l d  r e a l l o c a t e
w a t e r  a u t o m a t i c a l l y  a n d  w i t h o u t  o u t s i d e  i n t e r f e r e n c e . The consequence would
b e  a  r e d u c t i o n  i n  t h e  l e v e l  o f  r e t u r n  f l o w  p o l l u t i o n  b o t h  a s  a  f u n c t i o n  o f
the  reduced  leve l  o f  d i ve r ted  wate r  and  improved  management . T h a t  i s ,  e s t a b -
l i s h i n g  a  m a r k e t  f o r  w a t e r  w o u l d  r e a l l o c a t e  t h e  q u a n t i t y  o f  w a t e r  u s e d  f o r
i r r i g a t i o n , t h u s  r e d u c i n g  t h e  r e t u r n  f l o w  p o l l u t i o n  l e v e l . This may also
s h i f t  p o l l u t i o n  c u r v e  A  d o w n w a r d , t h u s  r e d u c i n g  p o l l u t i o n  b e l o w  S R .

The pr iva te  marke t  so lu t ion  may,  however , no t  ach ieve  a  soc ia l  op t imum.
R e t u r n  f l o w  p o l l u t i o n  r e p r e s e n t s  a n  e x t e r n a l  d i s e c o n o m y  t o  s o c i e t y  a s  t h e
a c t u a l  c o s t  o f  u s e  i s  g r e a t e r  t h a n  s i m p l y  t h e  p r i v a t e  c o s t . G i v e n  t h e  p r i -
va te  marke t  ad jus tments , a d d i t i o n a l  p o l l u t i o n  r e d u c i n g  a c t i v i t i e s  m a y  s t i l l
be warranted. H e r e  a t  t h e  m a r g i n ,  t h e n , i s  t h e  p r o p e r  p l a c e  f o r  e x t r a -
market adjustments such as tax subsidy schemes, legal  measures and engineer ing
works  o f  the  government .

A  m a r k e t  a l l o c a t i o n  m i g h t  n o t  b e  s u f f i c i e n t  t o  c o r r e c t  a l l  r e t u r n  f l o w
p o l l u t i o n . F a r m e r s  w o u l d  s t i l l  h a v e  a  p r o f i t  m o t i v e  f o r  e x t e r n a l i z i n g  a l l
p o s s i b l e  p r o d u c t i o n  c o s t s , i n c l u d i n g  t h e  c o s t s  o f  c o n t r o l l i n g  p o l l u t i o n .
W a t e r  u s e r s  ( o r  i r r i g a t i o n  d i s t r i c t s  a n d  c o m p a n i e s )  s h o u l d  b e  r e q u i r e d  t o
i n t e r n a l i z e  c o s t s  i m p o s e d  o n  o t h e r  w a t e r  u s e r s ,  p u b l i c  o r  p r i v a t e ,  t h r o u g h
a d o p t i o n  o f  s t a n d a r d s  a n d  c r i t e r i a  f o r  b e n e f i c i a l  u s e  a n d  c r e a t i o n  o f  p r o -
g rams (vo lun ta ry  incen t i ves )  and  pena l  t i es  (compu lsory  compl iance)  tha t  en-
a b l e  w a t e r  a d m i n i s t r a t o r s  o r  a d v e r s e l y  a f f e c t e d  p a r t i e s  t o  e m p l o y .  I n
economic terms, t h i s  m e a n s  t h e  i m p o s i t i o n  o f  t a x e s  a n d  s u b s i d i e s . The par-
t i c u l a r  f o r m  a n d  a p p l i c a t i o n  o f  s u c h  t a x e s  a n d  s u b s i d i e s  c a n  o n l y  b e  s p e c i -
f i e d  f o r  p a r t i c u l a r  c a s e s . I n  g e n e r a l , t a x e s  c a n  b e  u t i l i z e d  t o  a d j u s t  t h e
p r i c e  o f  w a t e r  t o  a p p r o x i m a t e  a  m a r k e t  p r i c e , t h u s  i n d u c i n g  f a r m e r s  t o  b e
m o r e  e f f i c i e n t  i n  i t s  u s e . Taxes  can  a lso  be  used  to  pena l i ze  fa rmers  fo r
r e t u r n  f l o w  p o l l u t i o n ,  b u t  m o n i t o r i n g  c o s t s  a r e  t y p i c a l l y  p r o h i b i t i v e . Sub-
s i d i e s  i n  t h e  f o r m  o f  d i r e c t  p a y m e n t s  o r  t e c h n i c a l  a s s i s t a n c e  a n d  c a p i t a l
improvements appear most  appl icable for  improving on-farm management water.
T a x e s  a n d  s u b s i d i e s  m a y  b e  j o i n t l y  a p p l i e d ,  f o r  e x a m p l e ,  w i t h  a  t a x  o n  w a t e r
t o  a p p r o x i m a t e  i t s  m a r k e t  v a l u e  a n d  t h e  r e v e n u e s  f r o m  t h i s  t a x  b e i n g  u s e d  t o
subs id ize  fa rmers  to  adop t  less  po l lu t ing  methods  and  techn iques  o f  wa te r  use .

The  a rgument  made above  concern ing  lega l  cons idera t ions  invo lved  in  p rob-
l e m s  o f  w a t e r  q u a l i t y  h a s  s e t  t h e  s t a g e  f o r  p o t e n t i a l  s o l u t i o n s  i m p r o v i n g  t h e
l a w ’ s  s e n s i t i v i t y  a n d  a b i l i t y  t o  a d d r e s s  s u c h  p r o b l e m s . E s s e n t i a l l y ,  i d e n t i -
f i a b l e  s o l u t i o n s  i n c l u d e : a d o p t i o n  a n d  e n f o r c e m e n t  o f  c r i t e r i a  f o r  b e n e f i c i a l
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use,  waste  and water  du ty ; r e m o v a l  o f  c o n s t r a i n t s  c o n c e r n i n g  t r a n s f e r  o f
e x c e s s  o r  s a v e d  w a t e r s  w i t h i n  i r r i g a t i o n  d i s t r i c t s ,  p r o m o t i o n  o f  l o w - c o s t
fund ing ; i n t e r n a l i z a t i o n  o f  c o s t s  t h r o u g h  a d o p t i o n  o f  s t a n d a r d s  f o r  w a t e r
use, c rea t ion  o f  p rograms, o r  compu lso ry  comp l iance ,  a l l  o f  wh ich  wou ld  en -
a b l e  e m p l o y m e n t  b y  w a t e r  a d m i n i s t r a t o r s  o r  a d v e r s e l y  a f f e c t e d  p a r t i e s .

F i n a l l y , t h e  v a r i o u s  a l t e r n a t i v e s  m u s t  t a k e  i n t o  c o n s i d e r a t i o n  b o t h
i n d i v i d u a l  a t t i t u d e s  a n d  t h e  o r g a n i z a t i o n a l  s t r u c t u r e  t h a t  p r o v i d e s  t h e
ru les  and  mechan isms wh ich  in f luence  ind iv idua l  behav io r . F o r  t h e  i n d i v i d u a l ,
p o t e n t i a l  s o l u t i o n s  m u s t  i n v o l v e  a n  a w a r e n e s s  o f  t h e  c r i t i c a l  c h a r a c t e r  o f
i r r i g a t i o n  r e t u r n  f l o w . O n  t h e  o t h e r  h a n d ,  f o r  t h e  o r g a n i z a t i o n a l  c o n t e x t ,
so lu t ions  revo lve  a round the  c rea t ion  o f  mechan isms and  p rac t i ces  wh ich  can
f a c i l i t a t e  t h e  a d o p t i o n  o f  m e a n s  f o r  a c c e p t a b l e  w a t e r  q u a l i t y  s t a n d a r d s .

A w a r e n e s s  b y  t h e  f a r m e r  e n t a i l s  t w o  c o n d i t i o n s . F i r s t , the awareness
should be towards speci f ic  on-farm management procedures which enhance water
q u a l i t y . I n  a d d i t i o n ,  a  h o l i s t i c  a p p r o a c h  a s  t o  w h y  i m p r o v e d  w a t e r  q u a l i t y
w i l l  e n h a n c e  n o t  o n l y  h i s  n e i g h b o r ’ s  o p e r a t i o n ,  b u t  a l s o  h i s  o w n ,  m u s t  b e
e x p l i c a t e d . C lean  wate r  shou ld  be  seen  as  bene f i c ia l  to  the  fa rmer  and  th is
benef i t  mus t  be  v iewed as  one  tha t  can  be  a t ta ined  on ly  th rough an  a reawide
invo lvement  o f  water  users .

I n s t i l l i n g  t h i s  i n d i v i d u a l  b e h a v i o r  a s  a  p u b l i c  g o o d  c a n  o n l y  b e  a c c o m p -
l i shed  when the  o rgan iza t iona l  s t ruc tu re  suppor t ing  the  fa rmer  embraces
broader  and  f i rm  commi tmen t  to  c leaner  wa te r . T h i s  c a n  b e  d o n e  b y  e x p l o i t -
i n g  t h e  e x i s t i n g  s t r u c t u r e ; by  chang ing  o r  res t ruc tu r ing  p resen t  a r rangements ;
o r  b y  a d d i n g  t o  t h e  e x i s t i n g  f r a m e w o r k . The use of exist ing mechanisms such
a s  t h e  e x t e n s i o n  s e r v i c e ,  S C S ,  t h e  l o c a l  m a s s  m e d i a ,  C o - o p s ,  e t c . ,  c a n  p r o -
v ide  commun ica t ion  and  in fo rmat ion  ne tworks  f rom wh ich  the  ind iv idua l  fa rmer
can become aware of  the problem and the solut ion. Yet ,  some va l leys  do  no t
have  a  we l l -o rgan ized  sys tem o f  communica t ion  by  wh ich  water  qua l i t y  cond i -
tions are adequately processed, inves t iga ted and d isseminated. Such an
o r g a n i z a t i o n  c a n  b e  e s t a b l i s h e d  e i t h e r  b y  m o d i f y i n g  t h e  e x i s t i n g  s t r u c t u r e
o r  c r e a t i n g  a  n e w  o n e  a l t o g e t h e r . T h i s  o r g a n i z a t i o n  s h o u l d  w o r k  w i t h  f a r m -
e r s , a g e n c i e s  a n d  t h e  p u b l i c  i n  s u c h  a  m a n n e r  t h a t  i t  s e r v e s  a s  a  f o c a l  p o i n t
f o r  w a t e r  q u a l i t y  i n f o r m a t i o n ; and  as  a  noda l  po in t  th rough  wh ich  f low and
e x c h a n g e  o f  i n f o r m a t i o n  c a n  b e  t r a n s f e r r e d  i n t o  c o h e r e n t ,  c o l l e c t i v e l y
a r r i v e d  a t  p o l i c i e s .

I t  s h o u l d  b e  n o t e d  t h a t  i n  t h e  j u x t a p o s i t i o n  o f  i n d i v i d u a l  a n d  o r g a n i -
za t iona l  approaches , the assumption was made that acceptance of new manage-
ment  p rocedures  w i l l  f o l l ow d issemina t ion  o f  knowledge  and  awareness . How-
e v e r , t h i s  i s  n o t  a l w a y s  t h e  c a s e . S i n c e  t h e r e  i s  n o t  a  n e c e s s a r y  o r
s u f f i c i e n t  c a u s a l  r e l a t i o n s h i p  b e t w e e n  “ a p p r o p r i a t e ”  a n d  “ a c c e p t a b l e ”
s o l u t i o n s , sys tems o f  rewards  and  pena l t ies  must  a lso  be  es tab l i shed  in
o r d e r  t o  p r o v i d e  s u p p o r t , t o  r e i n f o r c e  d e s i r e d  b e h a v i o r ,  a n d  g e n e r a l l y ,
i n  o r d e r  t o  m a k e  s u r e  t h a t  p r o p o s e d  s o l u t i o n s  w i l l  n o t  d i e  b e c a u s e  o f
n e g l e c t  o r  l a c k  o f  s u s t a i n e d  i m p l e m e n t a t i o n  b y  t h e  u s e r s . Y e t ,  a s  w i t h  a l l
o t h e r  s o l u t i o n s , these proposed moni tor ing and enforcement mechanisms must
h a v e  a n  e f f e c t i v e  s a y  o r  p a r t  i n  a n y  d e c i s i o n - m a k i n g  p r o c e s s  r e g a r d i n g  r e t u r n
f l o w  q u a l i t y  c o n t r o l . F o r ,  a t  t h e  e n d , t h e  p u r s u i n g  o f  a n  e f f e c t i v e  w a t e r
po l i cy  i s  pa r t  o f  a  la rger  commi tment  and  o f  an  e thos  tha t  comb ines
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i n d i v i d u a l  m o t i v a t i o n  a n d  e c o n o m i c  o p p o r t u n i t i e s  w i t h i n  a n  o r g a n i z a t i o n a l
c o n t e x t  t h a t  m a k e s  p o s s i b l e  c o l l e c t i v e  s o c i a l  a c t i o n  a n d  t i m e l y  t e c h n i c a l
i n t e r v e n t i o n s .

A s  i n d i c a t e d  e a r l i e r ,  t h e  a l t e r n a t i v e  s o l u t i o n s  p r o p o s e d  f o r  a s s e s s m e n t
a n d  e v a l u a t i o n  r a n g e d  f r o m  t h o s e  w h i c h  w e r e  w h o l l y  t e c h n i c a l  ( e . g . ,  r e h a b i l -
i t a t i o n  o f  d i s t r i b u t i o n  s y s t e m s )  t o  t h o s e  w h i c h  w e r e  i n s t i t u t i o n a l . Some
were  combina t ions  o f  techn ica l  and  ins t i tu t iona l  measures  wh ich  wou ld  cause
i m p r o v e m e n t s  i n  q u a l i t y  o f  r e t u r n  f l o w s  ( e . g . , cos t -shar ing  a r rangement  fo r
improved irrigation facilities). T h e y  c a n  b e  g e n e r a l l y  c l a s s e d  a s :  a )  t h o s e
d i r e c t e d  t o  s o u r c e s  o f  w a t e r ,  g e n e r a l l y , those  wh ich  wou ld  inc rease supp ly ;
b )  t h o s e  c o n c e r n e d  w i t h  t h e  i n f l u e n t ,  i . e . , t h e  w a t e r  d i v e r t e d  t o  a g r i c u l -
t u r e ; c )  those  assoc ia ted  w i th  the  management  o f  l and  and  wate r  on  fa rms ;
a n d  d )  t h o s e  w h i c h  w e r e  c o n c e r n e d  w i t h  t h e  e f f l u e n t ,  i . e . ,  t h e  r e t u r n  f l o w .

We have  now reached an  impor tan t  junc t ion  in  our  th ink ing . I t  was
emphasized above that there seems to be a widespread agreement that  as far
a s  a g r i c u l t u r a l  p o l l u t i o n  i s  c o n c e r n e d , an NPDES approach seems to be a
cumbersome, i f  n o t  u n r e a l i s t i c ,  p o l i c y  d e v i c e . I n  t h i s  c o n t e x t ,  i t  i s  i m p o r t -
a n t  t o  r e l a t e  t w o  d i f f e r e n t  a p p r o a c h e s  t h a t  s e e m  t o  e m e r g e  w i t h  r e g a r d  t o
t h e  p r o b l e m  o f  c o n t r o l l i n g  r e t u r n  f l o w . One may be descr ibed as a general-
i z e d  a p p r o a c h  o r  e f f l u e n t  c o n t r o l  a p p r o a c h  w h o s e  c h a r a c t e r i s t i c s  a r e :
a )  a  sys tem o f  permi ts  wh ich  everybody  agrees  may end up  as  an  admin is t ra t i ve
n i g h t m a r e ;  b )  t h e  c o v e r a g e  o f  a  w i d e  a r e a  o r  a  s y s t e m  o f  a t  l e a s t  s t a t e w i d e
imp lementa t ion ; a n d  c )  e m p h a s i s  o n  m o n i t o r i n g  a n d  o n  a  c o r r e c t i v e ,  i f  n o t
p u n i t i v e ,  a p p r o a c h .

On the  o ther  hand ,  ano ther  approach  has  a l ready  been  descr ibed  by
Skogerboe and Radosevich (1977) a s  t h e  l n f l u e n t  C o n t r o l  A p p r o a c h ,  o r  t h e
l o c a l i z e d  e m p h a s i s  a p p r o a c h ,  w h o s e  c h a r a c t e r i s t i c s  a r e :  a )  t h e  r e s o l u t i o n
o f  the  p rob lem a t  the  source  (p reven t i ve  approach) ;  b )  emphas is  on  nar row ly
prescr ibed  o r  des igna ted  a reas ; and  c )  vo lun ta ry  comp l iance  th rough
i n c e n t i v e s .

Each of these approaches has advantages and disadvantages. T h e  e f f l u e n t
c o n t r o l  a p p r o a c h  h a s  t h e  p o t e n t i a l  a d v a n t a g e  t h a t  i t  i s  a d m i n i s t r a t i v e l y
e f f i c i e n t , a l t h o u g h  i t  m a y  h a v e  l o w  e f f e c t i v e n e s s  w i t h  r e f e r e n c e  t o  s p e c i f i c
o r  l o c a l i z e d  a r e a s . O n  t h e  o t h e r  h a n d ,  t h e  i n f l u e n t  a p p r o a c h ,  w h i l e  i t  m a y
be highly effective, p r o b a b l y  h a s  d i f f i c u l t i e s  o f  a d m i n i s t r a t i o n  ( l o w  e f f i -
c i e n c y ) . I n  e i t h e r  c a s e , i t  i s  o b v i o u s  t h a t  t h e  g e n e r a l  p r e m i s e s  i n t r o d u c e d
by  the  NPDES sys tem concern ing  agr i cu l tu re  have  c rea ted  ma jo r  reac t ion  and
s i n c e  l i m i t e d  a g r e e m e n t  c a n  b e  f o u n d  p a r t i c u l a r l y  w i t h  r e g a r d  t o  t e c h n i c a l
s o l u t i o n s , perhaps a mixed approach may be more appropr iate. By us ing both
l o c a l  o r  l i m i t e d  a r e a s  a n d  b y  w o r k i n g  i n  a  p a r a l l e l  f a s h i o n  o n  g e n e r a l
g u i d e l i n e s , i t  m a y  b e  p o s s i b l e  t o  b u i l d  b o t h  c u m u l a t i v e  f i n d i n g s  a s  t o  q u e s -
t i o n s  o f  a g r i c u l t u r a l  p o l l u t i o n  a n d  a l s o  e x p r i e n c e  a s  t o  s p e c i f i c  s t e p s  r e -
q u i r e d  f o r  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n t r o l  e f f o r t s .
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COMBINATIONS OF SOLUTIONS

T h e  p r e v i o u s  d i s c u s s i o n  o n  s o l u t i o n s  t o  p r o b l e m s  o f  i r r i g a t i o n  r e t u r n
f l o w  q u a l i t y  p o i n t s  o u t  t h a t  w h e n  a l l  i s  s a i d  a n d  d o n e ,  t h e  h e a r t  o f  t h e
m a t t e r  r e m a i n s  r e s i s t a n c e  b y  t h e  p u b l i c  a s  a  r e s u l t  o f  d i s a g r e e m e n t  a s  t o
the  ex is tence  o r  ex ten t  o f  the  p rob lem and as  to  perce ived  advantages  f rom
a  v a r i e t y  o f  s o l u t i o n s . B u t ,  m o r e  i m p o r t a n t ,  “ s o l u t i o n s ”  d o  n o t  o p e r a t e
i n  n e a t  c a t e g o r i e s , o r  h i e r a r c h i c a l  s y s t e m s  o f  c a t e g o r i c a l  a p p r o a c h e s .
T e c h n i c a l ,  l e g a l ,  e c o n o m i c , a n d  s o c i a l  a p p r o a c h e s  a r e  a l l  i n t e r t w i n e d  w i t h
l i m i t a t i o n s , o v e r l a p s  a n d  t r a d e - o f f s  w i t h i n  a n d  b e t w e e n  c a t e g o r i e s .

T h e r e  a r e  i n n u m e r a b l e  p o s s i b l e  c o m b i n a t i o n s  o f  s o l u t i o n s  t o  t h e  i r r i g a -
t i o n  r e t u r n  f l o w  p r o b l e m . Most adjustments suggested here could not be
i m p l e m e n t e d  i n d e p e n d e n t l y  o f  o t h e r  p h y s i c a l ,  e c o n o m i c ,  l e g a l ,  o r  s o c i a l  c o n -
cerns . Packages, o r  c o m b i n a t i o n s  o f  s o l u t i o n s ,  a r e  d i f f i c u l t  t o  c o n s t r u c t
s i n c e  t h e y  t e n d  n o t  t o  b e  g e n e r a l i z a b l e ,  b u t  s i t u a t i o n - s p e c i f i c . One cannot
p r o v i d e  a  c o m p l e t e  l i s t i n g  o f  s u c h  c o m b i n a t i o n s . Brief illustrations have
been used in  the  case s tud ies  in  o rder  to  show the  types  o f  mixes  wh ich  wou ld
b e  l i k e l y  a n d  t h e  r e a l i s t i c  a d j u s t m e n t s  t h a t  m u s t  b e  m a d e  i f  i m p l e m e n t a t i o n
s t e p s  a r e  t o  b e  f o l l o w e d .

I t  s o o n  b e c a m e  o b v i o u s  t h a t  n o  o n e  a l t e r n a t i v e  s o l u t i o n  w i l l  s u f f i c e  i n
t h e  a t t e m p t  t o  s o l v e  o r  a t  l e a s t  m a t e r i a l l y  a l l e v i a t e  t h e  p r o b l e m  o f  d e g r a d a -
t i o n  o f  q u a l i t y  o f  w a t e r  u s e d  i n  i r r i g a t e d  a g r i c u l t u r e . I t  a lso seems
obv ious  tha t  no  so lu t ion  o r  combina t ion  o f  so lu t ions  can  be  imp lemented
w h i c h  w i l l  e n t i r e l y  s o l v e  t h e  p r o b l e m  o f  p o l l u t e d  r e t u r n  f l o w s  f r o m  a g r i c u l -
t u r a l  l a n d s . S o m e  d e g r a d a t i o n  o f  q u a l i t y  i s  i n e v i t a b l e  i f  w a t e r  i s  u s e d  f o r
i r r i g a t i o n . T h e r e  w i l l  b e  s o m e  i n c r e a s e  i n  s a l i n i t y ,  i n  s e d i m e n t ,  a n d  i n
o ther  fo re ign  mater ia ls  s imp ly  because  wate r  has  been combined  w i th  so i l s ,
f e r t i l i z e r s ,  s e e d s , a n d  o t h e r  i n p u t s  i n  a g r i c u l t u r a l  e n t e r p r i s e s . We must
r e c o g n i z e  t h i s  i n e v i t a b l e  i m p a c t  o n  w a t e r  q u a l i t y  a n d  f i n d  t h e  a c c e p t a b l e
“ t r a d e - o f f s ”  w h i c h  w i l l  a l  l o w  w a t e r  t o  b e  u s e d  i n  a g r i c u l t u r e .

T h e  c o m b i n a t i o n s  o f  a l t e r n a t i v e  s o l u t i o n s  a r e  f i n i t e ,  b u t  v e r y  n u m e r o u s .
Deve lopment  o f  the  combina t ions  a lways  requ i res  imag ina t ion ,  ana lys is ,  eva lua-
t i o n , a n d  f i n a l l y ,  d e c i s i o n  a b o u t  w h a t  i s  “ b e s t . ”  A g a i n ,  t h e  c a s e  s t u d i e s
e x e m p l i f y  i n  s o m e  d e t a i l  t h e  e f f o r t  t o  d e v e l o p  “ p a c k a g e s ”  a n d  t h e  a t t e m p t  t o
e v a l u a t e  s o l u t i o n s  a n d  c o m b i n a t i o n s  o f  s o l u t i o n s  a p p r o p r i a t e  t o  t h e  p a r t i c u -
l a r  r e g i o n s .
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